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INFLUENCE OF UNRESTRICTED GRAZING ON NORTH- 
ERN SALT DESERT PLANT ASSOCIATIONS IN WESTERN 
UTAH! 


By GreorGE STEWART, senior forest ecologist, W. P. CoTtam,? and Sexar 8. Hurcs- 
INGS, assistant forest ecologist, Intermountain Forest and Range Experiment Sta- 
tion, Forest Service, United States Department of Agriculture 


AN INTENSIVE STUDY OF RANGE DETERIORATION 


The northern salt desert country of western Utah, important as 
winter range for livestock grazing, is at present characterized by heavy 
injury to the plant cover, resulting in reduced forage production and 
a serious replacement of ‘the most valuable forage species by plants 
largely unpalatable to livestock. This condition was revealed by the 
results of a recent range survey of the Intermountain Region ® by the 
Intermountain Forest and Range Experiment Station. This survey 
gave unmistakable evidence of considerable deterioration of plant cover 
and excessive loss of forage values, and indicated that no small part of 
the deterioration was to be found on the winter ranges. 

In view of these findings, it seemed desirable to make an intensive 
study to ascertain the nature and causes of this condition as a basis for 
future management of the range. This paper deals with the data ob- 
tained in an intensive study of the plant associations on desert range 
near Milford, Utah (fig. 1), undertaken in 1933 and 1934, and checked 
in the field in 1935 and 1936. The associations studied are described 
in the light of their soil and climatic environments, and evidence is set 
forth relating their condition to the effects of unrestricted grazing. 

The evidence of the data presented is substantiated by the almost 
unanimous assertions of explorers, such as Carte de Escalante (1, pp. 
125-242),* and of old-time residents of this region, all indicating that 
in the brief span of one generation an unmistakable deterioration has 
taken place in the quality of forage as well as in the quantity produced. 
Many stockmen admit forage deterioration on desert ranges, but part 
of them, at least, hold drought to be the principal cause. This opinion 
is not borne out by actual drought data taken on desert areas of this 
region comparable with those on which the present study was pursued. 
A brief review of these data makes this clear. 

Precipitation records for the region from 1897 to 1936 are summar- 
ized in figure 2, C, combining the records of two stations, Modena and 
Frisco. Modena lies 35 miles to the south of Pine and Wah Wah Val- 
leys, in which the study was made, and Frisco is a few miles east of 
Wah Wah Valley. The temperature- precipitation graphs shown for 
these two stations (fig. 2, A and B) give evidence of general agreement. 
In later years, records at three other stations, Milford and Black Rock, 

1 Received for publication October 25, 1939. 

? Professor of Botany at the University of Utah, engaged during summer months by the intermountain 
station as associate forest ecolozist. 

3 The States included in the Intermountain Region are Utah, Nevada, southern Idaho, and southwestern 


Wyoming. 
4 Italic numbers in parentheses refer to Literature Cited, p. 316. 
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Figure 1.—Map of Pine and Wah Wah Valleys and surrounding territory near 
Milford, Utah, where the present study was pursued, showing forage types and 
transects run. 


east and northeast of Frisco, and Garrison, to the northwest of Ante- 
lope Valley, have been in general agreement with those of Modena. 

A marked significance in the 1897-1936 precipitation curve in the 
study of the desert plant associations is in the two drought periods, 
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1897-1904 and 1928-35. Of these, there seems little question that the 
former was as long as the other and the more severe. It does not, 
however, stand out in the memory of ranchers of that day as a period 
of forage impoverishment. Supplemental feeding of range livestock 
was unknown at that time; yet fat cattle were obtainable at any season 
of the year. Fat sheep were marketed on the desert range in midwinter 
during the decade 1895-1904, according to the testimony of resident 
stockmen. Such an achievement would have been utterly impossible 
in the recent drought period, and this very impossibility is eloquent of 
a radical change in the forage values of the range that is not wholly 
attributable to drought. The evidence is that in the early days the 
damaging effect of acute shortage of moisture in drought years was off- 
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Figure 2.—Annual fluctuations in precipitation (C) in Pine and Wah Wah Val- 
leys, 1897-1936; derived from records taken at Frisco (1897-1900) and Modena 
(1901-36). A and B are temperature-precipitation graphs of the two stations, 
averaging monthly mean temperatures and total monthly precipitation for the 
years of record. 


set by moderate utilization, which permitted restoration of the normal 
growth and nutritional function of the range plants. 

Drought is not new to the desert valleys of western Utah, but the 
present disastrous forage impoverishment is of comparatively recent 
origin. Since drought alone cannot account for the present deteriora- 
tion in plant communities, nor explain the alarming plant retro- 
gression, logic obviously points to another contributing cause sufficient 
to upset the vegetational balance, precipitate the downward trend in 
forage values, and in the two valleys in which the present study was 
made—subject to the same climatic vicissitudes but to widely different 
grazing use—to bring about the present great differences in plant 
mortality and forage volume. 
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How considerable these differences are may be realized from con- 
ditions in these valleys at the end of the recent drought period. The 
growth increment of all shrubs and grasses in both valleys was negli- 
gible in 1934, and in the normal growing season of that year the 
desert was almost destitute of green. Even the hardiest shrubs 
lost their leaves in the scorching summer days. Grass nibbled to 
the earth during the winter of 1933-34, in June, July, and August 
resembled stubble on badly abused pastures. Soil of thousands of 
acres of desert land, nearly barren of vegetation, seemed to be lifted 
away by the wind. Yet with good precipitation in 1935 and 1936, 
vegetation in the less heavily grazed valley made a comparatively 
abundant. growth, whereas the heavily grazed plants in the other 
valley failed to respond except in small degree. 

Basic facts brought out by this study, indicating the successional 
trends in desert vegetation, the severe injury from overgrazing to 
the more desirable forage plants, and their replacement by species of 
low palatability, should serve as guides to further research as well as 
in the subsequent administrative control required to bring about 
successful reproduction of the palatable shrub species and to restore 
the grasses. 

DETAILS OF THE STUDY AREA 


LOCATION OF STUDY 


Pine and Wah Wah Valleys, which comprise a portion of the desert 
range near Milford, Utah, were selected for the study because they 
are characteristic of the drier parts of the Great Basin area. Further- 
more, they are similar to each other in size, physiographic features, 
and plant associations; they support range types that are important 
throughout the desert area of the Great Basin; they represent dis- 
tinctly different degrees of grazing use, Wah Wah Valley being the 
more severely grazed; and also their grazing history is better known 
than that of other desert areas. 

Being nearer to the oldest settlements in the region, Wah Wah 
Valley has been grazed longer, i. e., for about 70 years as compared 
with 50 for Pine Valley. In the late eighties sheep were brought in 
great numbers to Wah Wah Valley and grazed there along with the 
cattle already present, thereby beginning a long period of double use. 
Cattlemen in Pine Valley succeeded for about 10 years after this in 
maintaining a dead-line against sheep. Cattle grazing in the late 
nineties was probably heavy in Pine Valley, but forage use did not be- 
come seriously destructive until about 1910 or possibly 1915. During 
the last 20 years, or thereabouts, largely through the development 
of watering places, forage utilization in Pine Valley has exceeded 
proper use in nearly, though not quite, the same degree that has been 
common in Wah Wah Valley over a period of 50 years. During the 
drought period of 1928-35, deterioration of the palatable forage plants 
became serious enough to be well marked in all parts of Pine Valley. 

The climate of this locality is essentially typical of the drier parts 
of the northern shrub desert. The precipitation of less than 10 inches 
annually is generally distributed evenly throughout the year, although 
great fluctuations in the annual and monthly precipitation arechar- 
acteristic. Potential evaporation, as in all deserts, is high—greater 
than 60 inches annually, so far as can be judged by records furnished 
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by the Weather Bureau for Lehi, Utah, situated near the desert edge. 
The diurnal range of temperatures is great at all seasons, extremes 
varying from a maximum of more than 100° F. in summer ‘to a mini- 
mum of —35° in winter. The sky is so clear and the humidity so low 
that even in July the nights are cool. The frostless season of 4 months 
extends from mid-May to mid-September. Winds are fairly frequent 
and of rather high velocity. 

Major desert plant associations are characterized by four general 
features: (1) Preference for certain soil conditions both of physical 
nature and saline content; (2) a rather sharp delimitation of the asso- 
ciations; (3) the preponderance of one or two plant species; and (4) 
the general absence of annuals, except for early spring forms, which 
in years of ordinary moisture supply are found on the foothills. In 
contradiction to this generalization is Russian-thistle,> an exotic an- 
nual that has recently invaded badly deteriorated areas throughout 
the region. 

The position, extent, and number of the various plant associations 
of Pine and Wah Wah Valleys shown in figure 1 suggest a confusing 
complexity of vegetation, but there are only two major growth forms, 
the pifion-juniper of the desert mountain ranges and the short desert- 
shrub type of the valley plains. The specific associations of the latter 
present a variety of an and differ in many details, but in their gen- 
eral features they are remarkably uniform in their morphological adap- 
tations to the vicissitudes of the desert environment. 
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COLLECTION OF DATA 


Investigators in the field obtained data on soil, root penetration, 
and vegetative status of the plant associations. Data on plant asso- 
ciations covered extent and habitat, species composition, degree of 
injury by grazing use, and the present condition of important species 
as measured, singly or collectively, by general vigor, presence or ab- 
sence of young plants, and replacement of palatable by less palatable 
forage species. 

A range survey of the two valleys gave the total number of square 
miles occupied by each of the 10 plant associations (table 1). Each 
association, several of which cover from 100 to 600 acres, consists of 
a mixed plant population of 10 to 20 species of which 2 or 3 are dom- 
rg Within each association are often found plant communities of 

4 to 5 or 6 acres in area (rarely 40 or 50 acres) occupied by one of the 
major species in nearly pure stand. Soil samples discussed later were 
taken in these plant communities; the influence of grazing, however, 
was studied by the status of individual forage plants or groups of 
plants, sometimes in one association and sometimes in several. 

Besides the general survey, detailed studies were made by examining 
the vegetation along one transect in Pine Valley and another in Wah 
Wah Valley. In Pine Valley the transect extended a distance of 23 miles 
from the base of the Wah Wah Mountains in a southwesterly direction 
across the valley to the summit of Indian Peak (fig. 1). In all, 920 
circular point-observation plots (7), each with an area of 200 square 
feet, were established along the transect at intervals of 132 feet. In 
Wah Wah Valley, along a similar transect, observations on 180 plots 


5 A list of scientific and common names of the plants discussed in this paper is given on p. 315. 
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were made. From each plot, data were obtained on vegetation com- 
position, density of cover, and plant mortality. 


TABLE 1.—Areas occupied by various desert plant associations in Pine and Wah Wah 























Valleys 
yl | : 
> jati Pine | Wah Wah nie veoe Pine |Wah Wah 
Plant essociation ! | Valley | Valley Plant association Valley | Valley 
Square Square Square | Sauare 
miles miles miles miles 
e—wiierht 2-grass__ 115 186 || Spiny hop-sage_ 5 11 
adscale—gray molly_____- 7 15 || Horsebrush — small rabbit- 
Smell rabbitbrush — winter- acc AE, Se MRR, PAT eae 76 
i Rees Eee 105 3109 1} Geeasewood...............-.-. 2 ee 
Winterfat *—grass............- 73 22 || Juniper—pifion overstory --- -- 370 223 
bp aa SR ES 25 16 || Playa (barren) _........-.-.- 3 27 
i ~ eagle rabbit- — _—_—_—— 
CR: Dae Rd IRR Be 75 7 Total area........_... 783 757 





1 For rmieiiie names of plants see p. 315. 
2 Locally known as white sage. 


A plant was considered to cover the ground completely in the rare 
instances when the ground could not be seen through its foliage by an 
observer standing directly over it. In most cases the value recorded 
was the fractional spread of the plant when so compressed as to make 
a complete cover. Thus, if a plant with a total natural spread of 1 
square foot made a complete cover of only one-half square foot, it was 
given a ground-cover (density) value of one-half square foot. When 
the total ground-cover area for all plants of a given species within a 
plot totaled less than one-fourth square foot, the presence of the species 
was recorded merely as a trace. The total area of all vegetation on 
a 200-square-foot sample plot was determined by adding the individual 
figures. Density percent was obtained by dividing the total area in 
square feet by 2. 

Mortality bite were obtained by counting the number of living and 
dead plants of each major species on the plots. 

In addition to the transect composed of circular plots, small “‘belt’’ 
transects were established near but not on the main transect in each 
plant association. Care was exercised to locate these at random. 
On the belt transects vascular ring counts were made of 100 shrubs 
of each major species in each association from all plants whose crown 
centers fall within the transect boundaries. Two men, equipped 
with hand lenses and trained to take the age data, made separate 
counts of the vascular rings for each stem and compared results. 
If, owing to the irregularity, incompleteness, or indistinctness of the 
vascular rings, large discrepancies occurred, recounts were made. In 
order to check the accuracy of the method, ring counts were made on 
stems taken from plants on railroad fills and in an abandoned cemetery, 
where the maximum possible age of the shrubs was known. 

The type of root system, the horizontal and vertical spread of the 
roots, and the general relationship of root penetration to the soil- 
salt horizon were recorded for each major species. These data were 
obtained from excavations made in associations dominated by the 
species. 
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NATURE OF SOILS AND SOIL REGION 


Soil samples were taken in several plant communities in the 
associations in Pine Valley with the exception of the juniper, which 
grows in very shallow soil. In all, 14 trenches were dug in the 
various communities, and profile maps of the soil horizons were 
drawn. Three to five soil samples were composited from the trenches 
at each of the following depths in centimeters: 0-15, 15-30, 30-60, 
and 60-90. Each sample was carefully analyzed for total salts, 
total organic matter, pH value, total nitrogen, moisture content, 
moisture equivalent, water-holding capacity, and the percentages of 
gravel, sand, silt, and clay (table 2). 


TABLE 2.—Soil data! from the major plant communities indicated, occurring in 
various associations crossed by the Pine Valley transect 






















































































Water- Sifted sample 
Average Mois- 5 
Plant community |Depth| salt | pH Bod Ene ture _ 4 Beer Grav--————_; 
within associations | of soil |content|value ee en [CAtiv-| og a ture?| ¢! 
(bridge) g alent iy - | Sand | Silt |Clay 
: BORE Sauk BO aoe 
Grass (blue grama, | Cm. |P.p.m. Pet. | Pct. | Pet. | Pet. | Pct. | Pct. | Pet. 
galleta, sand drop- 0-15 200 8 1.25 | 0.091 18.1 37 2.2 59 62 9 
seed). 15-30 210 8 1.29 - 102 18.6 47 3.3 50 51 43 6 
30-60 895 8 1, 21 -101 20.8 51 2.6 66 59 34 7 
60-90 1, 160 8 1.47 094 | 20.7 37 | 2.9 74 57 | 34 9 
Shadscale______ ---| 0-15 200 8 1.16 . 082 17.9 34 1.5 48 64 27 9 
15-30 468 8 85 . 094 18.5 45 2.1 27 53 41 6 
30-60 1, 065 8 1.14 - 087 24.8 45 2.4 80 64 27 9 
60-90 | 5,065 8 . 69 ae 24.6 54) 21 72 68 | 30 2 
Winterfat_..... __ 0-15 290 8 1, 29 . 087 20.3 54 1.9 32 54 26 20 
15-30 290 8 63 . 058 22.1 46 3.1 1 46 40 14 
30-60 6, 015 8 54 . 054 21.0 64 4.9 0 54 44 2 
60-90 | 3,742 8 26 | .050 | 13.6 38 | 4.3 71 72 | 28 0 
Small rabbitbrush_..}| 0-15 342 7.5 80 . 058 14.5 30 1.8 23 74 15 ll 
15-30 962 8 56 | .046 15.4 35 | 4.2 18 75 13 12 
30-60 1, 358 8 52 . 045 14.2 44 6.7 15 73 14 13 
60-90 | 8, 648 8 28 | .034) 30.0 59} 81 12 47 39 14 
Spiny hop-sage, blue 0-15 244 7.5 67 - 061 119 33 2.7 19 92 3 5 
grama, galleta. 15-30 582 8 41} .043 | 12.6 38 | 4.8 4 89 5 6 
30-60 323 8 58 -141 8.7 | 46 4.9 6 93 4 3 
60-90 684 8 50 | .038) 11.7 38} 5.2 6 93 4 3 
Big sagebrush_______.| 0-15 200 7.5 1.03 - 061 13.5 37 3.2 16 82 15 3 
15-30 302 7.5 84 . 060 15.1 43 4.5 8 78 16 6 
30-60 716 8 72 | .050 11.6 44) 5.0 9 76 18 6 
60-90 1, 080 8 21 slr Netsce 34 5.0 12 84 16 0 
| 








| 


1 Based on average of 3 or more samples. 
2 Hilgard’s method. 
3 July 1934. 


The soils of the Pine Valley transect are characterized by five 
general features: (1) A predominantly sandy nature; (2) a low 
saline content in the first 30 cm. of soil, regardless of the plant com- 
munities; (3) a variable saline content below the 30-cm. level, closely 
correlated with the type of vegetation; (4) a hydrogen-ion concen- 
tration between pH 7.5 and pH 8; and (5) an extremely low content 
of organic matter and nitrogen. 

Physical differences in the soils supporting the various plant 
communities are slight. The degree and direction of slope, the 
presence or absence of hardpans, and the variation in the salt content 
of the subsoil seem to play an important role in the extent and 
distribution of the desert vegetation. For example, spiny hop-sage 








som 








t 


296 Journal of Agricultural Research Vol. 60, No. 5 





and big sagebrush grow on soils which, in the main, contain little 
salt (4, 6) to a depth of about 3 feet (90 cm.) or more. The subsoils 
are more porous, and their water-holding capacity is lower. 

All soils in these valleys have a greater amount of gravel at the 
surface than immediately below; winterfat soils in some cases have 
32 times as much. From the condition of vegetative cover in the 





Ficure 3.—Aspects of erosion in Wah Wah Valley: A, General view of a 
wind-eroded area in the winterfat association; B, pedestaled winterfat plants. 


various associations it may be deduced that the surface accumulation 
is not so much an index of percent of gravel in the soil as of the deteri- 
oration of the vegetation, which when severe permits rapid wind 
erosion. The stifling clouds of dust that race over the desert valleys 
are fed from areas largely denuded of vegetation (fig. 3, A). 

















1) 
“- 














Mar.1,19490 Influence of Unrestricted Grazing in Western Utah 297 





That a heavy soil movement is occurring on this area is borne out 
by several observed facts. The pedestaled nature of many desert plants, 
especially winterfat (fig. 3, B), shows that 1 to 6 inches of soil have 
been removed from below their crowns since their establishment. In 


Figure 4.—A and B, Embryonic dunes in Wah Wah Valley, winterfat association. 


such cases the height of crown above the soil is not an age factor, for 
many young plants protrude as much as old ones. Except near the 
relatively few natural dune areas, pedestaled plants occur only in 
associations obviously deteriorated through grazing. Many embry- 
onic dunes (fig. 4, A and B) along highways and on the plant areas 








298 Journal of Agricultural Research Vol. 60, No. 5 


under observation are known to be but a few years old; and a juniper 
forest on a presettlement dune area in the northeast corner of Pine 
Valley shows what appears to be a greatly accelerated recent and 
disastrous dune movement (fig. 5, A). 


B 





Fiaure 5.—Aspects of erosion in Pine Valley. A, Juniper trees buried by sand 
dune; B, an advancing dune in the juniper-pifion association. 


Groves of dead junipers newly buried by sand in this old dune area 
stand as mute ev idence of newly aroused activity of dune movement, 
and living young junipers scattered in this ghost forest, at various 
distances in the rear of an advancing dune (fig. 5, B), furnish evidence 
as to the average annual dune movement compiled in table 3. 
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r TaBLE 3.—Rate of dune movement in Pine Valley, as estimated from ages of living 
é juniper trees, in rear of advancing dunes 








Distance of tree Estimated yearly 
Tree No. from dune Age of tree movement 
Feet Years Feet 
1 608 25 24. 32 
2 830 31 26.77 
3 881 38 23.18 
4 807 40 20. 18 




















ae { 
ROOT PENETRATION OF PRINCIPAL DESERT PLANTS 


The root penetration of desert plants, as shown by the nature and 
extent of the root systems, is influenced by two major factors, soil 
salinity and the nature of the plant. 

The four grasses, blue grama, galleta, Indian ricegrass, and sand 
dropseed have root systems the large branches of which are entirely 
within a shallow soil layer no deeper than 30 to 45 cm. with a salt 


BLUE GRAMA GALLETA INDIAN RICEGRASS SAND DROPSEED 
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Figure 6.—Root penetration of nine principal desert plants, indicating their 
respective endurance of salt salinity. The heavy broken line marks zones of 
salt content—above, 200 to 1,000 parts per million; below, 1,000 to 10,000. 


content of less than 1,000 p. p. m. (fig. 6). The roots are finely 
branched and occupy this surface layer rather fully. The roots of 
shadscale, small rabbitbrush, and winterfat, on the other hand, have 
some larger roots that penetrate into soil layers having a salt content 
in excess of 1,000 p. p. m., and also have a developed taproot system. 
Big sagebrush and spiny hop-sage send down roots to approximately 
80 or 90 cm., but the soils supporting these two species are usually 
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porous and newly deposited alluvial material, frequently in front of a 
ravine. This is especially true of the hop-sage, which was always 
found near the base of an alluvial cone where storm floodwaters spread 
out and afforded irrigation. Although sagebrush often sent a few 
roots into a soil layer of greater salinity, in no case were hop- 
sage roots found growing in soil that had a salt content of more than 
1,000 p. p. m. 

Growing only in deep alluvial soils with the hardpan 3 to 5 feet 
below the surface, the roots of hop-sage and sagebrush offer less com- 
petition to grasses in the associations dominated by these two plants 
than is encountered from shrubs in other associations, such as shad- 
scale, rabbitbrush, and winterfat. Since these last- named species 
usually grow on soils having a depth of only 12 to 24 inches above 
hardpan, most of their roots occupy the same soil layer as those of the 
grasses and therefore compete directly with them for moisture. Both 
historical and ecological evidence point clearly to the greater previous 
abundance of valuable grasses in the sagebrush and hop-sage 
associations. 


EVIDENCE OF DETERIORATION IN PLANT ASSOCIATIONS 
DESERT GRASSES 


Grasses, which today are insignificant in most of the desert-shrub 
associations, were originally i important members of practically all of 
them (2,5 6). Old residents maintain that desert vegetation formerly 





F 275556 
Figure 7.—A good stand of winterfat in a lightly grazed valley in Nevada. 


consisted of mixed shrub-grass associations, except in the low, broad 
watercourses along the valley edges where winterfat (white sage) 
existed in almost pure stands. (Fig. 7.) They say also that when graz- 
ing began this species was the principal shrub of the valleys, and that 
big sagebrush and black sagebrush (black sage), with abundant grasses 
interspersed, dominated the foothills. 
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It is probable that grasses never existed on the desert in pure stands 
of any great area, but were always associated with shrubs. At 
present they are most abundant on the foothills in a narrow belt lying 
between the shadscale association in the valley and the juniper associa- 
tion at the higher elevations. Shadscale is now the most important 
shrub component of the grass communities. Grass species, in order of 
their abundance in the Pine Valley transect, are blue grama, sand drop- 
seed, galleta, and Indian ricegrass (3). The first three of these grasses, 
usually combined but sometimes occurring separately, frequently form 
almost pure communities over small tracts of less than an acre within 
the associations. This probably is to be explained rather by priority of 
occurrence than by reaction to peculiar soil conditions. In all grass 
communities, the sites have a gentle slope with good drainage, but 
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Figur 8.—Percent of Indian ricegrass plants alive and dead in three significant 
locations, the moderately used area of Warm Point, the now heavily used area 
adjacent to a well, and the long-used, severely grazed Wah Wah Valley. 


in many cases the saline content of the soils below 30 cm. is high. At 
this depth, or slightly below it, a calcareous layer commonly exists, 
probably at the average depth of moisture penetration. 

Indian ricegrass, probably the most conspicuous if not the most 
abundant grass on the desert in 1880, is now reduced to a very low 
density under the longer and more severe grazing practice in Wah Wah 
Valley. It readily adapts itself to many habitats, although it seems 
to be best adapted to sandy soils. It is significant that this most 
palatable of all desert grasses is threatened with almost complete 
extinction. That its disappearance on large areas of the desert is 
traceable directly to grazing is illustrated in figure 8. On three sites, 
comparable for Indian ricegrass production, except for their grazing 
history, widely different mortality conditions exist. At Warm Point, 
10 miles from permanent water, there are four times as many living 
plants of this grass as in the vicinity of a well drilled 10 years ago, 
where water is always available to livestock. Near the well, more 
than half the still visible plants are dead as the result of overgrazing, 
trampling, and congestion of the livestock around water. 

The total plant cover in those communities of Pine Valley (fig. 9) 
in which blue grama is dominant exceeds per unit area that in all other 
conmunities save sagebrush and juniper-pifion. The desert grasses, 
however, have a high mortality rate and are low in vigor from con- 
tinued close cropping for the past 30-odd years. 
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Figure 9.—Density of vegetation of shrubs, grasses, and weeds in the principal 
communities in Pine Valley, Utah. 


Palatability of desert plants, besides indicating the relative extent 
to which they have been grazed in the past, affords a key to the inter- 
pretation of the successional trends of desert vegetation as revealed 
in this study. Under unrestricted grazing the more palatable plants 
such as Indian ricegrass, spiny hop-sage, and black sagebrush are 
seriously reduced, whereas the less palatable species such as small 
rabbitbrush, often untouched, have increased greatly in recent years. 
The data given in the following tabulation, from unpublished records 
of the Intermountain Forest and Range Experiment Station, represent 
the palatability of the current year’s growth of the various species, or 
the percent that, on properly grazed ranges, is likely to be utilized by 
sheep and cattle during winter grazing: 


Palatabilily 
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Desert grasses subjected to heavy grazing have reproduced very 
poorly during recent years. The age of grasses cannot be obtained 
with assurance since they do not have annual rings. It is thought, 
however, that with such grasses as blue grama, which in these high 
desert valleys increase the size of their clumps slowly, a rough separa- 
tion can be made between old and young plants. Dropseed grass 
clumps also increase in size very slowly and somewhat regularly. 
Near absence of small plants in both valleys indicates an extremely 
low reproduction of these grass species during the last several years 
where the grazing was severe, whereas on a few lightly grazed tracts 
3 or 4 miles from the transects young plants are fairly common. 

On comparatively large areas in several associations of Wah Wah 
Valley galleta grass is now rather abundant, having occupied sites 
formerly producing abundant ricegrass. Numerous dead clumps of 
ricegrass are found on some sites now occupied by galleta, squirreltail, 
and Reverchon three-awn, galleta usually constituting most of the 
grass cover. This prevalence of galleta on severely grazed ranges is 
probably owing to its usual low height in the cool weather of fall, 
winter, and spring, which affords it some protection against full utili- 
zation, especially when a light fall of snow may cover it almost en- 
tirely. Since the open, irregular growth habits of galleta makes any es- 
timate of its age highly uncertain, no measurements were attempted. 


SHADSCALE 


Shadscale dominates more square miles of valley desert than any 
other plant species and in Pine and Wah Wah Valleys occupies more 
than one-fourth of the total area below the juniper belt (fig. 10). Al- 





Figure 10.—Shadscale association on Pine Valley transect, with Indian Peak in 
the distance. 


kali-tolerant if not alkali-requiring (4, 6), it is found in two distinct 
soil habitats—the foothills where grass is an important member of the 
association, and the low, flat soils abutting the barren playa bottom 
where gray molly, a pronounced halophyte, is the chief commensal. 
On upland shadscale soils, hardpans rich in salt are found at 1 to 2 
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feet below the surface, whereas in the playa bottoms a high sai! 
content is characteristic even of the surface soil. 

Shadscale of the upland type has shown a mortality of approximately 
30 percent during the drought period on both protected and unpro- 
tected areas, the heaviest losses occurring on its upper edge in the 
mixed shadscale-winterfat-grass association. However, this high mor- 
tality does not occur on the playa bottoms where the species is more 
vigorous. Since high mortality of upland shadscale followed the 
drought of 1931, it seems probable that this plant is better adapted 
to endure physiologically rather than physically dry soils, and that its 
preferred habitat is the heavier soil of the bottom lands with higher 
moisture-retaining properties. 

Old residents of the desert maintain that on the upland habitats 
shadscale has increased both in acreage and in volume at the expense 
of winterfat and grass. Its competition with grass was perhaps great- 
est near the upper margins and with winterfat at the lower extensions 
of the association. No statistical information is available on its total 
volume on these upland habitats 50 years ago, but an analysis of the 
age®and mortality data for the various components of the association 
indicates the extension of shadscale on both margins, as shown in 
table 4. 


TABLE 4.—Percentage of shadscale and winterfat plants, in the wpper and lower tran- 
sition margins of a shadscale association, having 0-20 and more than 40 annual 
rings 





Location and number of annual rings | Shadscale | Winterfat | 





Upper margin: Percent Percent 

RN A oak iuchess chinatlestnm anand 40 8 

| Seer ES ees canine Shem kaeecosil 38 68 
Lower margin: 

MP RE PCR ee ce a SPE 22 10 

Sp TR a Rice seu ee 36 49 








In view of the relatively low palatability of shadscale and the high 
palatability of winterfat, the data from their mixed association seem to 
warrant the following conclusions: 

(1) On the average, shadscale is now suffering some loss of vigor 
from heavy grazing, as is shown by the fact that 50 plants (38 live ones) 
per plot have a ground cover of 3.2 percent in Pine Valley, in compari- 
son with 44 plants (29 live ones) per plot and a ground cover of 1.6 
percent in Wah Wah Valley. The high mortality of shadscale in all 
parts of the desert and equal occurrence of mortality on grazed and 
protected range, indicates low hardiness, against drought at least, on 
all sites. 

(2) The ground cover of 10 winterfat plants in Pine Valley has been 
conservatively estimated at 1 square foot, whereas 59 plants per plot 
in Wah Wah Valley produced merely a trace, emphasizing the impov- 
erishment of this species under prolonged heavy grazing. In Pine 

6 It is recognized that, because winterfat, shadscale, and spiny hop-sage, which belong to the Chenopodi- 
aceae, may under peculiar conditions lay down more than one vascular ring in a year, the total number 
of vascular rings may perhaps indicate only the approximate age, or somewhat more than the real age. In 
an abandoned desert cemetery, the oldest chenopods growing on graves dated 30 to 50 years ago failed to show 
any plant with a number of rings that exceeded the number of years since burial. Excess of ring counts over 
age in years does not therefore seem to be great for the period being considered. Since in nearly all cases, 


the ring counts are relative between the different species or between different samples of the same species 
during the same years, comparisons seem valid. 
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Valley 24 percent, and in Wah Wah Valley 55 percent, of winterfat 
plants in the shadscale-winterfat-grass association are dead (fig. 11) 
as the result of unregulated use. 

(3) Similarity of the ring counts of the two shrub species in the well- 
established mixed associations indicates that they were associated dur- 
ing the early days of grazing on the desert. Thirty-six percent of the 
present shadscale plants, and 49 percent of the winterfat plants have 
more than 40 annual rings. That shadscale is invading winterfat com- 
munities is shown by the fact that 22 percent of the former in the tran- 
sition zone has less than 21 rings, while only 10 percent of the latter 
falls in this class. Both the spines and the fact that the palatable leaf 
growth strips off leaving the unpalatable stems protect shadscale to 
some extent against excessive grazing. 


ASSOCIATION LIVING 


Pure 
winterfat 


Winterfat- 


Rabbitbrush- 
winterfat- grass 


Shadscale - 
winterfat- 
grass 





PERCENT 
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Kiaure 11.—Percentages of living and dead winterfat plants in the plant asso- 
ciations indicated in Pine and Wah Wah Valleys. 


WINTERFAT-RABBITBRUSH 


Winterfat and small rabbitbrush are considered together because 
records from old residents supported by an abundance of ecological 
data show that the desert valleys during the early history of grazing 
were dominated by the winterfat-grass association; the hundreds of 
square miles of small rabbitbrush today is a product of the present 
century; and this species is establishing itself rapidly on sites from 
which winterfat is disappearing at an alarming rate (fig. 12). 

Winterfat reaches its best expression in almost pure stands on 
broad, flat watercourses of the valleys, where the soil is somewhat 
better watered by accumulations from the melting snows of spring 
or torrential downpours of summer rain. In addition, as one com- 
ponent of a mixed stand, it extends normally in all directions up the 
gentle valley slopes to the mixed shadscale associations. 

Rabbitbrush invasion has been most active on the more sandy soils 
and least active on the naturally irrigated lands of the watercourses. 
Competition between the two species for possession of the desert 
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306 Journal of Agricultural Research Vol. 60, No. 5 





has been severe (8), as is shown by the present sharp lines which 
separate them and the almost total dominance of each in its own 
territory. Small gray circular islands of winterfat in green stretches 
of rabbitbrush or a wedge of the latter indenting the margin of an ex- 
panse of winterfat are characteristic features of these plant types. 
This situation is perhaps explained by slight physical and chemical 
soil differences, although hardpans and a high saline content of the 
subsoil characterize both conditions. 

The rapid increase of young small rabbitbrush plants and the high 
mortality of palatable forage species in Wah Wah Valley establish 
grazing as a major cause of deterioration in the vegetation. In view 
of the great difference in the palatability of the two species, together 





F 260629 


Figure. 12.—Rabbitbrush (dark-colored shrubs) invading weakened winterfat 
areas in Antelope Valley not far from Pine Valley transect. 


with the difference in intensity of grazing use between Pine and Wah 
Wah Valleys, the following facts gained from the study are significant: 

(1) The mortality of small rabbitbrush in both valleys was less 
than 10 percent, but that of winterfat was 23 percent in pure winter- 
fat communities in Pine Valley, 59 percent in Wah Wah Valley, and 
even higher in the winterfat-grass association (fig. 11). 

(2) In Pine Valley 30 percent of the rabbitbrush, and in Wah Wah 
Valley 43 percent, were produced during the decade 1927-36. The 
same period accounted for 1 percent of the winterfat in Pine Valley, 
and none on the sites studied in Wah Wah Valley (fig. 13). 

(3) In pure stands of winterfat in Pine and Wah Wah Valleys 
only 1 percent of the plants had less than 10 vascular rings, whereas 
in pure stands in Snake Valley about 25 miles to the north, where 
grazing has been much lighter than in either of the other valleys, 8 
percent were in this class (fig. 14). 

(4) On the 200 square miles or so occupied by these plants grow- 
ing together in association in Pine and Wah Wah Valleys there is an 
average of one winterfat plant to the square foot. Of these winterfat 
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Figure 13.—Winterfat and rabbitbrush plants in mixed association, classified 
by vascular rings, Pine and Wah Wah Valleys. 


plants, 10 percent in Pine Valley and 19 percent in Wah Wah Valley 
are dead (fig.11). The live plants furnish a ground cover of 1.5 per- 
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grazing to the periods when snow is available for stock water. 
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(5) The lowest mortality for winterfat in both valleys is found 
in the rabbitbrush communities where the winterfat plants are few. 
The low palatability of the dominant shrubs makes forage cover as 
a whole relatively unpalatable to livestock. It is therefore not 
heavily grazed. 

Small rabbitbrush plants in these plant types are predominantly 
20 years old or less (fig.13), indicating a recent invasion. The shrub 
is normally long-lived, however, as evidenced by the fact that on one 
area 26 percent of the plants are more than 30 years of age and 4 
percent more than 40 (fig.15). 

A puzzling feature of the rabbitbrush invasion of winterfat asso- 
ciations is its apparent arrest. In spite of the 100 square miles of 
land open to the invasion because of the depletion of the natural 
cover, few invading young rabbitbrush plants are found beyond 
sharply delimited outposts. The explanation of this paradox prob- 
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Figure 15.—Spiny hop-sage and small rabbitbrush on favorable sites in Pine and 
Wah Wah Valleys, classified by the number of vascular rings. 


ably lies in the present widespread and dense occupation by Russian- 
thistle, which within the last 15 years has overrun all badly deteri- 
orated areas. 

Russian-thistle is both a blessing and a curse to the desert; its seeds 
germinate at any period of the growing season when moisture is avail- 
able, and the plants in a short time afford protection against wind 
erosion; but on the other hand, seedlings of more palatable perennial 
species ‘under heavy grazing appear practically unable to compete 
with it. It is a hardy invader in good years, but like all annuals, 
native or exotic, cannot maintain a plant cover in years of severe 
drought. In Wah Wah Valley it varied from 20 percent of the ground 
cover in 1932 to practically nothing in 1934. 


HOP-SAGE 


One of the most palatable desert shrubs is spiny hop-sage. The 
root chart (fig. 6) and table 2 show this species to be definitely restricted 
in habitat; its total area on the desert was never large. The soils in 
which it thrives are the most free from salt of those supporting any 
major association. Its preferred habitat seems to be in sands free 
of hardpans, often granitic, and occasionally watered by intermittent 
streams. 

Approximately 85 percent of the plants in what was classed as pure 
hop-sage stands in Wah Wah Valley are dead (fig. 16), and the remain- 
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der nearly so. The number of vigorous plants throughout most of 
the open winter range has been greatly reduced by overgrazing. 
Under lighter forage use in Pine Valley, 37 percent of the plants in 
pure stand are dead and the others severely injured. Since no repro- 
duction whatever was found to have occurred during the last 10 years 
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Figure 16.—Percentages of living and dead plants of big sagebrush, black 
sagebrush, and spiny hop-sage in various plant associations in Pine and Wah 
Wah Valleys. 


(fig. 15) and but 1 percent during the last 20 years, the conclusion is 
that the species cannot withstand even moderately heavy use and 
that the early extermination of this plant is almost certain. Numer- 
ous dead and dying plants of blue grama and galleta bear witness that 
the hop-sage association, once rich in both quality and quantity of 
forage, is now on the verge of total extinction (fig. 16). 





Fiaure 17.—A hop-sage association in Pine Valley, showing the hedged shrubs 
and stubble of grama grass. 
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Small rabbitbrush is invading the hop-sage association and will in 
all probability, under present grazing practices soon succeed that 
pene on many tracts. On an area used for continuous bedding of 
sheep in a hop-sage association in Pine Valley, rabbitbrush has sup- 
planted all of the original palatable vegetation. 


SAGEBRUSH 


Two sagebrushes, notably different in their choice of habitat and 
in forage value, occupy these desert lands. Big sagebrush, relatively 
unpalatable and little grazed except under conditions of cold and 
deep snow or where other forages are lacking, is confined largely to 
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FicureE 18.—Big sagebrush, black sagebrush, and rabbitbrush growing in associa- 
tion in Pine and Wah Wah Valleys, classified according to the number of 
vascular rings. 


the deep porous soil of the valley uplands, where it makes up the great- 
est density of plant cover of any association on the desert. The highly 
palatable black sagebrush constitutes the chief understory of the 
juniper-pifion association of the billsides and is also abundant along 
sides of shallow drainage channels at the upper valley edges. Both 
sagebrushes grow best on soils free from salt, at least to the ordinary 
feeding depth of the roots. Usually, black sagebrush occurs on 
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shallow, rocky soil in contrast with the arable, porous soil preferred 
by big sagebrush. 

Taxonomically, these two sagebrushes are difficult to distinguish. 
The most constant difference is the light-colored flower stalk and the 
numerous heads of the large species, as contrasted with the brownish 
flower stalk and few heads of the smaller. Sheep, however have little 
difficulty in distinguishing them; black sagebrush is almost invariably 
closely browsed, while big sagebrush, even when immediately adjacent, 
often remains almost untouched. 

A comparison of the mortality records for the two species in both 
Pine and Wah Wah Valleys is given in figure 16. Two significant 
facts are apparent: (1) Mortality is lower for both in the less heavily 





FigurgE 19,—Big sagebrush reduced in size by grazing and invading rabbitbrush 
on a bed ground in Wah Wah Valley. 


grazed Pine Valley than in Wah Wah Valley; and (2) the mortality 
of etl more palatable black sagebrush is somewhat greater in both 
valleys. 

Stockmen who have operated sheep outfits on the desert for 20 
years or more declare that black sagebrush, the most palatable of all 
desert shrubs with the possible exception of spiny hop-sage, has 
decreased tremendously. The principal remnant of any consequence 
in these two valleys is in the juniper belt, where the plant growth is 
ordinarily covered with snow in midwinter and is thus protected for 
a season from excessive grazing. 

Small rabbitbrush is, in volume, an important component of these 
plant types. The age-class data (fig. 18) reveal it as an invading 
species, just as in other associations important to desert grazing, and 
indicate that here, too, this invader of low forage value is taking 
poser of immense areas that formerly supported palatable shrubs 
(fig. 19). 

Big sagebrush communities are chosen more frequently than black 
sagebrush as bedding grounds for sheep inasmuch as big sagebrush 
occupies the uplands which are preferred for this purpose. They are 
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in this way exposed to longer periods of grazing, and so include even 

fewer plants under 20 years of age (fig. 18). The species is reproducing 

in some cases, however, owing to the favorable environmental factors. 

It has replaced the more palatable winterfat in one large part of Wah 

9 Valley. A rather extensive young stand was found also in Pine 
alley. 


HORSEBRUSH AND GREASEWOOD 


Horsebrush occurs in small areas in both valleys, as does greasewood. 
Horsebrush species are highly unpalatable and harmful to sheep, but 
because the plants of this genus are eaten under pressure of great 
hunger they deserve critical study. Most of them occur on shallow 
upland soils otherwise similar to the shadscale-grass habitats. Many 
dead Indian ricegrass clumps in the association suggest that horse- 
brush, like small rabbitbrush, is an invading species. Greasewood, 
because it occurs only on saline soils with high water tables, is of 
little consequence in Pine and Wah Wah Valleys. 


OPEN FORESTS 


The Pine Valley transect passes from the desert-shrub through a 
juniper-pifion belt, at the upper limits of which it traverses dense 
stands of singleleaf pifon. At higher elevations it passes through a 
white fir-aspen association. 

Pifion and juniper are overstory members of a single association. 
The pifion dominates the higher elevations, but at the lower limits of 





Figure 20.—Juniper in Wah Wah Valley, the lower branches of which have been 
ae by sheep. Note the remains of sagebrush and the invasion of rabbit- 
rush. 





the association the juniper occurs in nearly pure stands which ulti- 
mately give way to the valley shrub types (fig. 20). Midway, both 
occur as commensals in a mixed overstory. Sagebrush species are the 
principal understory shrubs, with big sagebrush occupying the alluvial 
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sani soils and black sagebrush dominating shallow, rocky ones. 
Other shrubs encountered frequently in this association include 
serviceberry, dwarf goldenbush, curlleaf mountain-mahogany, green 
ephedra, broom snakeweed, globe cactus, and bitterbrush, 

Grasses, probably abundant in the j juniper-pifion association before 
the days of excessive grazing, still present a great assortment of species. 
Of these, the most important are bluebunch wheatgrass, red three- 
awn, blue grama, blue wild-rye, galleta, Indian ricegrass, squirreltail, 
and needle-and-thread grasses. 

In contrast with the purely desert types, the juniper-pifion associ- 
ation exhibits a striking seasonal periodicity of its flora. In favorable 
years, a large assortment of early spring annuals are supported on the 
foothills, followed in turn by summer and fall herbaceous forms. 
Principal among this weed flora are rockcresses, sandworts, aster, 
astragalus, wild-cabbage, Douglas morningbrides, hedgehog cactus, 
wild-daisy, eriogonum, slender buckwheatbrush, gilias (including tin 
piute), globe cactus, pricklypear, pentstemons, phlox, groundsels, 
rock goldenrod, and globemallows. 

Ponderosa pine is not common to desert mountains, but local 
stands exist in a few places. The species is found normally at eleva- 
tions above the pifion-juniper belt and, as isolated communities, 
occurs at about 9,000 feet elevation all along the Wah Wah range. 
Associated with it are Douglas fir, white fir, and aspen. The summit 
of Indian Peak where the Pine Valley transect terminates is for the 
most part covered with stony talus and consequently the slopes are 
generally barren. No ponderosa pine occurs there, but white fir, 
Douglas fir, and aspen grow in sheltered places. 


SUMMARY AND CONCLUSIONS 


The vegetation in Wah Wah Valley, Utah, which has been grazed 
for about 70 years, and severely so for about 50 years, is compared 
with that in the nearby Pine Valley where, owing to the scarcity of 
stock water, grazing use was heavy only when snow was available 
until about 20 years ago, when watering places were artificially devel- 
oped. The plant cover of these two neighboring valleys, comparable 
in size, in physiographic features, in soils, and in forage-plant associ- 
ations, differed mainly as a result of the duration and intensity of live- 
stock grazing to which they had been subjected. In order to compare 
the effects on vegetation of these two types of grazing use, the density, 
kind, and condition of the forage plants in the two valleys as well as 
the prevalent soil conditions, were studied on a long transect across 
each valley. 

Palatable perennial grasses, formerly conspicous in all the desert- 
shrub associations, today are few in number and low in vigor where 
the grazing has been severe during the protracted period of approxi- 
mately 50 years. In comparison with those of low valetebitey, 
species of high palatability have suffered (1) a greater loss in density 
of plant cover, (2) a higher plant mortality, (3) a greater decrease in 
reproduction, and (4) a sharper decline in general vigor. 
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Palatable shrubs such as winterfat, shadscale, spiny hop-sage, and 
black sagebrush have also suffered in the same respects as have the 
grasses under prolonged heavy grazing. Of the forage shrubs, on 
which ring counts were made, very few plants were less than about 20 
years of age. Grasses also showed low reproduction during a long 
period of years, although the length of the period was not susceptible 
to accurate determination. 

The root systems of the desert forage species studied were found to be 
largely limited to the upper 30 cm. of soil where the salt content rarely 
exceeds 1,000 parts per million. The root systems of big sagebrush 
and spiny hop-sage extend much deeper than this. Associations in 
which these species are dominant are limited to areas where even the 
subsoils have a low salt content. 

The naturally sparse plant cover when thinned and weakened by 
unrestricted grazing has permitted heavy wind erosion, and on a few 
of the worst areas, the beginning of dune formation. 

Small rabbitbrush, low in palatability to livestock and once rare on 
the desert, has on heavily grazed areas replaced to an alarming extent 
the more palatable species, but is still rare where the palatable species 
are vigorous. 

Russian-thistle, introduced to the desert two decades ago, is not a 
serious competitor in vigorous shrub communities, but on heavily 
grazed areas depleted of vegetation it has taken possession and appar- 
ently retards reproduction of desert shrubs. 

Impoverishment of desert forage, attributed by many to the drought 
of 1928-35, was not so markedly apparent after the drought of 1897— 
1904, which was of as long duration and, measured in total precipi- 
tation, more severe. The evidence gained from the study of these 
plant associations does not support the theory that drought is the sole 
or even the chief cause of present deterioration and depletion of the 
range. Instead, it points unmistakably to unrestricted grazing as the 
chief cause of loss of grazing values, invasion of inferior species, and 
the gradual crowding out of the most palatable range plants. 

The data show clearly that the heavy utilization of the forage by 
livestock must be relaxed in order to provide for restoration of the 
range to normal producing power and for its subsequent maintenance. 
The original presence of accessible stock water in Wah Wah Valley 
permitted heavy range use in the fall and in the spring as well as during 
winter. The artificial development about 20 years ago of stock water 
in Pine Valley, formerly grazed only when snow was available, has 
permitted heavy use in fall and spring as well as in winter since that 
time. The result during the last few years has been to set in operation 
on the forage plants the deteriorating forces of overuse. 

Permanent and vigorous forage production on the winter ranges 
will require the sort of range management that avoids complete 
utilization of the current year’s growth and that will give some se 


tion in the degree of use during fall and spring. Development of wells 
and other stock-watering places needs to be accompanied by control 
and management of livestock lest the new watering places become 
centers of yet further forage deterioration. 


























COMMON AND SCIENTIFIC NAMES OF PLANTS DISCUSSED 


BRIE ooo a eine anions oe eet eos ged Populus tremuloides aurea 
PAI ade ist ninin Simian nie cise me 4 5 eae ore Aster engelmanni 
Difmumemiiie = ooo oe eee ee aeae Artemisia tridentata 
DDE IIN tei od alee ie oe ald oa ees .. Purshia tridentata 
Black sagebrush (black sage) _...----------_- Artemisia nova 
Bluepunch wheatgrass.........-..-.-.-=-.-. Agropyron spicatum 
TAMIR a ce ote ania Bouteloua gracilis 
Blue wild-rye_ - ---- -- Sie iat he wa wake oe oi er 
Broom snakeweed..___._------------ ils regs Guiterrezia sarothrae 
Curlleaf mountain-mahogany - -___---------- Cercocarpus ledifolius 
Dougie af 2. . dp Gag aati wer oe eee Pseudotsuga taxifolia 
Douglas morningbrides- Pea eee Boe wa Chaenactis douglasii 
DMEST MAIGDOUBD =<. 6 cna wanes cnn. cou Aploppapus nanus. 
PIONS er os oe eee ee pat ele Eriogonum heracleoides and E. 
racemosum 
Ls SORE Se baa eerie te mapa ene ; - Hilaria jamesii 
61 ieee Ns .... Gilia spp. 
Globe cactus i: : ..--.. Pediocactus simpsonii 
Globemallow _. ; a Sphaeralcea caespitosa, S. coc- 
cinea, and S, grossular iaefolia 
RMR as ee ee Cea et Aplopappus falcatus 
Gray mouy.. =.=. Soe eee ._... Kochia vestita 
Greasewood._..._-.----------------------- Sarcobatus vermiculatus 
iGropn ennedra. . . 534+. 2... ee wares 
RUE os os os a in aio 8 oe be te Senecio spp. 
Hedgehog cactus - - -_- ~aosesnnt--2-s---=5- Jgonemovereus: mojavensia 
OMORN ON co5. ooo a So cba 5s ol eee es 
MOMMA, TICOORORS So: 8 es on os a co ok cee Oryzopsis hymenoides. 
Jointfir. (See Green ephedra.) 
IYMIO AMG -TUPORG os ee ae Stipa comata 
Oreameryass=— >. .-.--- ccwetenesteossnss.. Crencarya conferitjona and .0, 
depressa 
RIMINI 2s 5 ed Cue oe canes athe Pentstemon palmeri and other 
species 
CL High gS a Re eee a eR oes T= eee Phlox longifolia and other species 
SIO! a Se ees Pinus ponderosa 
DUMMIES ye he ae Opuntia spp. 
NING 5 Se Cot eke ioe Aristida longiseta 
Bevercnon tnrece-Awnh. ._...=.---.-.-.......- Aristida glauca 
RNIN os Be eee, Arabis spp. 
Je SR SS ae a ne Ea .---- Solidago petradoria 
Oa eee ec epee eee ge y= Salsola pestifer 
PIII oki oo Sa | ie Pk ot Sporobolus cryptandrus 
STS CSR SST Aa pa pee ne saan ees Arenaria spp. 
MIE i ka wot ea eens Amelanchier alnifolia 
DUI ee chee Sok oe oS Atriplex confertifolia 
Singleleaf pifion (pifion pine)__-------------- Pinus monophylla 
Slender buckwheatbrush____---..------..--- Eriogonum microthecum 
TS ANTS ii area eee Serle ae Chrysothamnus stenophyllus 
Small sagebrush. (See Black sagebrush.) 
RNR RND e aie aiers mais ee ag Grayia spinosa 
EE a RSS Spice pete Seca Sitanion hystrix 
CNS SRE SSR a eo ree eee pe a Gilia aggregata 
RENO S oeGs Ue eae ale phage Astragalus utahensis and other 
species 
DUI Ao ae out ae poe Abies concolor 
DINER Sr. Ce Le aoe Caulanthus crassicaulis 
ste AR RINSE sae elas Mgrs Erigeron caespitosus 


Winterfat (white sage) __...-.--..---------- Eurotia lanata 
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TOXICITY TO SHEEP OF LEAD ARSENATE AND LEAD 
ARSENATE SPRAY RESIDUES! 


By J. L. Sr. Joun, head, Division of Chemistry, E. C. McCutuocn, research vet- 
erinarian, J. SoToua, associate animal husbandman, and E. N. TopuuNTER, 
associate nutritionist, Washington Agricultural Experiment Station * 


INTRODUCTION 


Occasionally reports are received at the Washington station of the 
illness or death of livestock, principally cattle and sheep, that have 
been pastured in sprayed orchards during the fall. Many of these 
losses have occurred where veterinary service was not available and 
have been attributed to anthrax or to some other acute infectious 
disease. These diagnoses, however, have not been confirmed by 
members of the veterinary profession or by laboratory findings. 

During the last 2 years the authors have investigated two such 
outbreaks, one of which resulted in the loss of approximately 1,000 sheep 
and the other in the loss of 23 feeder steers (8a).2 The post-mortem 
pathology and the essentially negative nature of the bacteriological 
findings, together with the case histories, pointed to acute chemical 
poisoning rather than to an acute infectious disease. 

The orchard grasses from the area on which the sheep were known 
to have fed showed on analysis 0.44 percent of arsenic (As) and 1.44 
percent of lead, which is more than 4,000 times the established toler- 
ance for foods. The leaves of the trees on which the steers are known 
to have fed contained 0.0045 percent of arsenic. 

Analyses of the rumen contents of the last of the poisoned animals 
to die and of moribund survivors revealed the presence of sufficient 
lead and arsenic to account for 30 gm. of lead arsenate in the sheep 
and 38 gm. in the steers. Since sufficient lead arsenate had been 
absorbed to cause severe illness or death and some had been eliminated 
from the body, it is evident that considerably larger amounts had 
been ingested. 

Approximately 15 percent of the poisoned sheep and 80 percent of 
the poisoned steers made at least a temporary recovery from the 
effects of the lead arsenate. If it be assumed that some of the animals 
which were made ill, but which did not succumb within the following 
3 months, consumed almost as much as did the last of the animals to 
die of acute poisoning, the amounts of lead arsenate consumed by 
these survivors were considerably greater than the reported minimum 
lethal doses of lead arsenate for sheep and cattle. 


REVIEW OF THE LITERATURE 


The literature contains numerous references to poisoning with lead 
and with arsenic. For bibliographies the reader is referred to Osborn 


1 Received for publication August 7, 1939. Published as Scientific Paper No. 414, College of Agriculture 
and Experiment Station, State College of Washington. 

2 The writers express their appreciation to D. Finch and L. Murphy for assistance in caring for the exper- 
imental animals, and to F. Van Amburgh for the analytical work. 

3 Italic numbers in parentheses refer to Literature Cited, p. 328. 
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and Pease,* Pease and Osborn,’ and Aub (2). Most of the published 
work, however, is based upon the toxicity of lead and arsenic fumes or 
dust; the toxicity of lead and arsenic compounds other than lead 
arsenate; the effects of these compounds upon rats and other labora- 
tory animals and upon dosages far below the levels known to have 
been consumed by the sheep and cattle that died after having grazed 
upon the forage in heavily sprayed orchards. In most of the experi- 
ments in which large animals were used, the experimental animals 
were allowed to graze areas of lead arsenate-sprayed forage. From 
such experiments, the exact amounts of lead arsenate eaten by the 
animals cannot be ascertained. 

Data obtained from inhalation of lead and arsenic dust or fumes 
probably are not applicable to the oral administration of these sub- 
stances. 

Perhaps the lower incidence of plumbism in animals consuming 
lead-contaminated forage than in people exposed to lead in the indus- 
tries may be explained by the difference in the ways in which exposure 
occurs. Lanza (8) pointed out (8, p. 85) that— 


most of the industrial exposure arises from dust and fumes that are breathed into 

the lungs and upper respiratory tract, where absorption and excretion involve 

entry into the systemic circulation. Lead that is ingested may be excreted 

ata and, even if absorbed, may be carried to the liver and excreted in the 
le. 

Cardiff (3) believes that the poisoning of horses, when hay from 
heavily sprayed orchards is fed, results from the inhalation of the dried 
spray residues rather than from the consumption of the lead arsenate. 

Thomas and Shealy (15) found that whilelead arsenate will reproduce 
death in chickens when fed in large quantities, a chicken may consume 
“ much as 13 grains per day for 60 days without suffering any ill 
effects. 

Coulson, Remington, and Lynch (4) found that rats fed shrimp 
which naturally contained 17.70 parts per million of arsenic stored only 
0.13 mg. of arsenic in 3 months, while in a parallel experiment rats 
which received a similar amount of AsO; in their diet stored 3.73 mg. 
After as long as 12 months on these diets, neither group showed any 
evidence of poisoning. 

Although Talbert and Tayloe (1/4) do not feel that their data are 
sufficient to permit conclusions regarding lead poisoning from the con- 
sumption of sprayed apples, they do state that there is little likelihood 
of a person consuming as spray residue on apples enough arsenic at 
one time or over an extended period to be injurious. 

Husband and Duguid (7) found that cattle survived 20 grains of 
arsenic fed as sodium arsenite. Thirty grains killed in some cases 
and larger amounts were fatal. Cattle died after consuming pasture 
grass sprayed with 1.5 pounds of sodium arsenite per acre. Arsenic 
was found in the intestinal contents and in several organs. Husband 
and Duguid state that analyses of the omasum and kidney give more 
reliable information than those of other organs in arsenic poisoning. 

One of the earliest experiments in which exact amounts of cs 
arsenate were fed was conducted by Paige (10), who used a lead arsen- 

4 OsBorN, R. A., and PEASE, V. A. SELECTED REFERENCES ON THE TOXICITY OF ARSENIC, 1901-1934. 
U. S. Bur. Chem. and Soils, Food Res. Div. 45 pp. 1934. [Mimeographed.] 
5 PeasrF, V. A., and OSBORN, R. A. SELECTED BIBLIOGRAPHY ON METALLIC CONTAMINATION OF FOODS, 


WITH SPECIAL REFERENCE TO CONTAINERS AND COOKING UTENSILS. U.S. Bur. Chem. and Soils, Food Res. 
Div. 37pp. 1936. [Mimeographed.] 








ew ttl 


ow Ww 


Ww 





Mar. 1,100 oxicity to Sheep of Lead Arsenate Spray Residues 319 





ate paste somewhat different in composition from that now applied 
to orchards. Since the lead arsenate paste contained about 9 percent 
of arsenic and 32.5 percent of lead, the quantities of the paste that he 
administered should be reduced to approximately one-half his stated 
value to be comparable to modern dry lead arsenate. 

All the cattle that Paige used were tuberculous, which may have 
decreased their ability to withstand toxic doses and to recover after 
they were poisoned. In his experiments Paige fed a 600-pound cow 
1 gm. of lead arsenate paste per day for 26 days and observed no symp- 
toms of lead poisoning. Following a 4-day interval she was again 
given 1 gm. per day and died after 10 days. A 1,015-pound cow given 
184 gm. of lead arsenate paste in daily doses of from1 % to 3 gm. over 
a period of 117 days, made an apparent recovery, but a single dose of 
50.4 gm. 43 days later resulted in violent purgation and inappetence. 
She was autopsied 19 days later. Another cow weighing 600 pounds 
survived a single dose of 28.35 gm. of lead arsenate paste, and 96 days 
later was started on another series of tests in which 105 gm. were fed in 
57 days. Two days later she was given a single dose of 19.8 gm. and 
slaughtered 9 days thereafter. Paige reports (10, p. 190): 

Principal lesions: small tubercular nodule in lobe of lung; indications of the 
irritant and poisoning action of arsenate of lead few. Blackening of the gums 
about the incisor teeth quite pronounced in this animal; not found in any of the 
others. 

Green and Dijkman (6) found that in most cases the oral adminis- 
tration of 0.2 to 0.3 gm. of arsenic trioxide, supplied as sodium 
arsenite, produced no symptoms of poisoning in sheep and that death 
was uncertain when less than 0.5 gm. was given. 

Seddon and Ramsay (12) studied the toxicity of various compounds 
of lead and of arsenic for sheep by mixing the drug with small quan- 
tities of bran and sirup and administering it as an electuary. For 
80- to 100-pound sheep they found fatal doses to be as shown in 
table 1. Of especial interest are the differences in the amounts of 
arsenic contained in the toxic and the nontoxic doses when the arsenic 
was given in various chemical combinations. The data indicate the 
more soluble compounds of arsenic to be the more toxic. 


TABLE 1.—Lethal doses of various arsenic and lead compounds when administered 
to sheep in bran and sirup as an electuary 


{From work of Seddon and Ramsay (/2)] 





Poison contained in dose 

















| 
Dose and compound administered Size of dose eh 
AS03 As Pb 
| Grains Grams Grams Grams Grams 
Fatal doses: | 
Sodium arsenite ___-__- eS pi BRS eR? } 13.3 0. 862 0. 577 0. 437 
MCN ei ay ab Gee ceumecuuues ceael 20.0 1, 296 715 . 542 
Aveenis O0id.......-....... 13.3 . 862 . 551 417 
ae le Stee UES ae ar MMe oe 60.0 3. 888 1. 251 947 2.317 
OS Ere REDE NA we 180.0 11. 664 ae 9. 691 
SiON MONUNLO. Ws |= = 55.2 Siete Oe deaua 270.0 SACU bio ddy cwaseheeoese 9. 321 
Nontoxic doses: ° 
ao. tl rdceas acncsuben a 6.6 . 428 . 287 Oe Pe 
II so occ hwo eae ws oso sec cues | 6.6 . 428 . 274 208 ae 
RSS ee nee ee 40.0 2. 592 . 835 632 1. 545 
RU NINS  s o 5 ad on cacecss dene te pr apae 216.0 | RRS: IT Ree se 7. 457 
RI as a aceanc name eh nian none cee noes | 60.0 Wi lice) cosewmbesrcxnwuds 2. 655 
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O’Kane, Hadley, and Osgood (9) fed lead arsenate to Pie and other 
animals. The lead arsenate was sprayed on green foliage which the 
sheep consumed directly. The exact amount consumed was, therefore, 
not known. With two sheep that were estimated to have received a 
little over 3 gm. of lead arsenate each per day for 45 days, any symp- 
toms of poisoning diappeared by the end of 30 days. Sheep receiving 
7 gm. per day showed definite symptoms of poisoning, and by the fifth 
day the feeding was discontinued. These animals recovered in abcut 
3 days. Another lot received about 12 gm. (estimated) per day of 
lead arsenate. These animals showed prompt and definite symp- 
toms of poisoning. One died on the fourth day. The lead arsenate 
feeding was discontinued with the other sheep, which appeared quite 
normal after 4 days and finally recovered. 

Reeves (11) reports that sheep were poisoned by 4 to 8 grains of 
arsenic when it was fed daily. 


EXPERIMENTAL PROCEDURE 


A series of experiments was outlined in which sheep were fed lead 
arsenate at various levels daily. The sheep used were healthy, vigor- 
ous lambs weighing approximately 80 pounds (36.29 kg.). Each 
animal was maintained in an individual metabolism crate at the 
College of Veterinary Medicine throughout the experiment. The 
basal ration fed to all experimental animals consisted of rolled oats 3 

arts, rolled barley 4 parts, and alfalfa hay 14 parts, with salt ad 
libitum. Since fallen apples are usually consumed by animals pas- 
tured in orchards, a measured quantity of Jonathan apples was in- 
cluded in the ration of some of these animals. The animals were 
accustomed to the metabolism crates and to the basal ration and were 
making daily gains before the administration of arsenic was started. 

During the experimental period the urine and feces were collected 
daily, sampled, placed in 2-quart jars to which thymol was added, 
and the samples placed in cold storage. The daily feed and water 
consumption were accurately measured. The daily dose of lead 
arsenate for each animal was divided into two portions which were 
placed in gelatin capsules and given morning and night, so that the 
exact amount of lead arsenate taken into the body was definitely 
known. The lead arsenate used was a well-known brand which is 
widely used in orchard spraying in Washington State. It contains 
59.6 percent of lead and 21.5 percent of arsenic. 

For the determination of lead the tentative methods of the Associ- 
ation of Official Agricultural Chemists (1) were followed except that 
in preparing the samples for analysis nitric and perchloric acids were 
used according to methods developed in the laboratory of the Division 
of Chemistry by Gerritz (5). The lead was isolated by direct di- 
phenylthiocarbazone extraction or, when necessary, the lead was precipi- 
tated and isolated as the sulfide, dissolved in 1 percent nitric acid and 
extracted with diphenylthiocarbazone. The quantitative readings 
were then made by colorimetric comparison according to the method 
developed for spray-residue determination. Arsenic was determined 
on an aliquot of the nitric and perchloric acid-digested sample either 
by the bromate or the Gutzeit method, depending upon the quantity 
of arsenic present. 
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EXPERIMENT 1 


In the first experiment three sheep were fed 2 g. of lead arsenate 
daily. Two of these received 2 pounds of apples each day in addition 
to the basal ration and the third received only the basal ration. One 
of the sheep that received apples and the sheep that received only 
the basal ration died on the fourth day after each had consumed a 
total of 7 g. of lead arsenate. The remaining sheep, which had received 
apples, died after 1 week, having consumed a total of 15 g. of lead 
arsenate. 

On autopsy the sheep that died on the fourth day were found to 
have hemorrhagic erosions of the rumen wall, which extended into 
the recticulum. Severe enteritis was present, especially in the duo- 
denum. The lungs were pneumonic. In the third sheep the lesions 
were similar to those in the other two except that the kidneys had a 
metallic sheen. 

As soon as the lead arsenate was given to the sheep, their feed 
consumption decreased by approximately 80 percent, and the amount 
of water consumed was also markedly reduced. 

The daily excretion of lead and arsenic, expressed in milligrams, is 
shown in table 2. While there are variations in the quantity of lead 
and arsenic eliminated from day to day and in the quantity eliminated 
by different sheep, these data do not show any correlation between 
the inclusion of apples in the diet and the rate of lead or arsenic 
elimination. The data are made more difficult to interpret by the 
marked reduction in feed and water intake and a somewhat parallel 
reduction in the amount of feces and urine following the administra- 
tion of the lead arsenate. 

Much of the arsenic eliminated was through the urine, although 
the feces contained appreciable amounts. From 44 to 48 percent 
remained in the digestive tract at the time of death, while from 54 
to 60 percent of the total amount of arsenic fed to these sheep was 
accounted for by analysis of the contents of the digestive tract, the 
liver, kidneys, and the wool. 

More lead was eliminated from the body through the feces than 
through the urine. From 60 to 77 percent remained in the digestive 
tract, while from 62 to 79 percent of the lead consumed was accounted 
for by analysis of the digestive tract, the liver, and the kidneys. 
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EXPERIMENT 2 


Since the daily administration of 2 gm. of lead arsenate had proved 
lethal to three sheep in from 2 to 7 days, a second experiment was 
conducted in which the amounts of lead arsenate given daily were 1, 
0.5, and 0.25 gm. Two sheep, one of which received the basal ration 
only and the other received apples in addition, were placed on each 
level. A seventh sheep was included as a control. 

One of thesheep that received 1 gm. oflead arsenate daily and applesas 
as part of the ration died in 6 days; the other sheep that received 1 gm. of 
lead arsenate daily and only the basal ration died in 7 days. The lethal 
amount of lead arsenate fed at the rate of 1 gm. per day was, therefore, 6 
or7gm. These figures represent 1.29 and 1.51 gm. of arsenic(As) (equiv- 
alent to 1.70 and 1.99 gm. if expressed as As,O;). It should be noted 
that this is approximately the same total quantity that killed two of 
the three sheep in experiment 1 where 2 gm. of lead arsenate were fed 
daily. The 1.5 gm. of arsenic (As) for an 80-pound sheep is equivalent 
to 41 mgm. per kilogram, or 192 mgm. of lead arsenate per kilogram. 

One of the sheep receiving 0.5 gm. of lead arsenate per day died after 
35 days, having consumed a total of 17.5 gm. of kj arsenate, equiv- 
alent to 3.7 gm. of arsenic (As). The other sheep receiving 0.5 gm. 
of lead arsenate per day died after 79 days, having consumed 39.5 
gm. of lead arsenate, equivalent to 8.4 gm. of arsenic. 

One of the sheep receiving 0.25 gm. of lead arsenate daily died after 
35 days, having received 8.75 gm. of lead arsenate containing 1.9 gm. 
of arsenic. The other sheep survived 94 days on this level, when the 
lead arsenate feeding was discontinued, and 10 months later when 
slaughtered was in good condition and showed no evidence of injury. 
This sheep consumed 23.5 gm. of lead arsenate during the 94 days 
representing 5 gm. of arsenic. The excretion of lead and arsenic by 
the sheep in experiment 2 is shown in table 3. 











Vol. 60, No. § 


gricultural Research 


Journal of A 


324 





“0E “1dy Pod ¢ 
“63 “dy Peld » 


*H01j81 8Y} UT pepnyour sajddy ¢ 
"S861 ‘bz “1d y uBseq Surpedy 9{BUOSIV POT ¢ 
“*BULAOV] O1V BIVP 91OYA OPBUI UONVUTUIIDJOP PBI] ON ; 





































































































yas 0 ‘082 0‘ZET| 99°T | MERLE LDR cdl 5 
mest 0°89 0°v0T| O89 [9% 0 [rrwwnnoonaooT 
fe anes 0°92 0 '6FT| 98°6 |% Dee Ra ee 
Ae pote 0 ‘891 Cte See. bo ee ed I 
189000] 
a Ee we epee. ates OO UD nese saenetanss 
aedae WaaResty | | brlaieea asl ion taeyes Seytgncs px easane He est Cotes ter tt ee 
ea UR iia bee's | @g° SS pee eS tee cae | BEES 2 eee £0‘T |% aoe EIEIO NTAS ep 
iD lesan oe fo ce | ¢2° ee ° “ae Pehea, #8°O | 19°2 [7° T OT Rete: a ene ine Te 2€ 
AS Daas 5 & eheare 68°T | 9°IL|)"""~" ap we SS 8 BD lees ie: Sage 0+ 9°8 |% BEN a rot eer aM z 
| + St Dae i en AE £8 eee wie & NS Oy hails areata ip 5 BAER 3% iH Pritee so tee T 
su016 |su 026 |sucvs6 |8w046 |sw46 |sw046 |su46 |sucvs6 |suD46 ate sucvsb [eu D46 | sus0s5 suv16| sups6 |suLd16 |8u916| suds6 |su0sb |SucD46 |SuLd16 | StuDs6 |W eng 
“HITT | TT | | ETA | | ET TE | “HD | | HT fecxtsd [UAT |-HILAT “ENYA HIE | | HT SH | | “HI | 
—, | ees iene 
SV | 4d sv SV | Wd | SV | 4d SV | 4d | SV v | aa d | sy sv qd sv sv qd sy SV | 4d | 8V 2 poy 
a4 u 9780 
IZ LT 6 g I : lz : — 
Avy | SEAPIN | ge | ST ABIN €T ABT APM leew | 448N leew | P4°N | ce | 88 24V | gy| 9¢ dv on desyg 
ss 4m 
—pojoloxe ; Peo] PUB OTUNSIV “mend 




















fipop aypuasip poa) fo wb J pun % ‘t4 paaiavas yoy) daays fq od1uasup pun ppa, fo uojaioxa fizinq—'g ATAV I, 








Mar. 1,190 Toxicity to Sheep of Lead Arsenate Spray Residues 325 





As in experiment 1, the amount of arsenic eliminated daily in the 
urine varied widely, and there appeared to be no correlation between 
the amount fed per day and the amount eliminated. Essentially the 
same is true with regard to the elimination of arsenic and lead in the 
feces, although in general more arsenic was eliminated per day in the 
feces than in the urine. In the feces the ratio of the amount of lead 
eliminated to the amount of arsenic eliminated was much above the 
ratio of these two elements in lead arsenate. The actual weight of 
arsenic eliminated per day in the feces was greater than in the urine 
in experiment 2; the reverse was true in experiment 1. 

Table 4 summarizes the total amount of lead and arsenic eliminated 
and the total remaining in the stomach and other organs. 

The data show that only a small proportion of the ingested lead 
arsenate was eliminated. Of the four sheep in experiment 2 that 
lived for 35 days or more, one eliminated 16 percent of the arsenic 
intake, while two eliminated 4 and 5 percent. The elimination of 
lead varied from 46 to 12 percent. 

Thirty-three to forty-two percent of the arsenic accounted for was 
found in the stomach contents, while 17 to 24 percent of the lead was 
found there. The total amount of arsenic accounted for ranged from 
10 to 28 percent of the amount ingested while the total amount of lead 
that could be traced ranged from 32 to 61 percent. Analyses were 
made of the liver, kidneys, heart (table 4), and gall bladder, and in 
one case of the lungs, ribs, and other bones, bone marrow, and wool 
(table 5). The concentration in all the parts examined was small as 
compared with that in the stomach contents, which accounted for 4 
to 38 percent of the arsenic ingested and 13 to 49 percent of the lead. 
The amounts found in individual sheep varied widely. 
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TABLE 5.—Quantities of arsenic and lead found in lungs, bones, marrow, gall 
pags ype wool of a sheep that was fed one-half of a gram of lead arsenate daily 
or 79 days 
f ¥ [Results expressed as milligrams per 100 gm.] 


























Quantity in— 
Element wa Gan 
: arrow al 
Lungs Ribs Femur |tromfemur| bladder Wool 
Milligrams | Milligrams | Milligrams | Milligrams | Milligrams | Milligrams 
NE eS ie an ee oa es tie 0. 38 1.42 0. 35 1.11 0.01 0. 28 
Wachee ks das ante uae ie 3.0 2.5 . 23 1.6 ~15 74 








The findings at autopsy were similar to those described for the sheep 
in experiment 1. In those sheep that lived long enough for the 
phenomenon to be observed it was found that the erythrocyte count 
rose at first but fell to low levels a few days before death. In the 
sheep that lived 35 days, the count rose from approximately 8,000,000 
when the feeding of lead arsenate began, to 13,000,000 on the tenth 
day thereafter, and then dropped to 4,200,000 on the twenty-seventh 
day. The leucocyte count fluctuated within normal limits until 
bacterial infection set in, when in most cases it rose sharply. A lead 
line was observed on the fourteenth day. On the twenty-sixth day a 
foul diarrhea appeared and the day before death hemoglobinuria was 
observed. The animal died in a cachexic state after 35 days. 

On post mortem no erosions were found on the mouth, esophagus, or 
other portions of the digestive tract. A distinct lead line was observed. 
Enteritis was present to only a moderate extent. Fatty degeneration 
of the heart was evident and the lungs were congested and pneumonic. 
The spleen was ruptured and swollen, with the pulp distinctly dark- 
ened. The kidneys were blue black in color and had a metallic sheen. 
They were so soft that removal without breaking was difficult. The 
marrow of the flat bones was black. Upon exposure to the air the 
marrow became dark red. In the meat-packing industry animals 
showing this condition are known as “black cutters.”’ 

On post-mortem examination, lesions similar to those in sheep fed 
lethal amounts of lead arsenate were found in the sheep that received 
0.25 g. of lead arsenate and died at the end of 35 days. The second 
sheep fed this amount continued to receive it for 94 days, when the 
lead arsenate feeding was discontinued. This sheep was in excellent 
condition when slaughtered 10 months later and showed no evidence of 
the earlier consumption of 23.5 g. of lead arsenate. It is of particular 
interest to note that when this animal was killed the bones showed 
no evidence of darkened marrow. 


DISCUSSION AND SUMMARY 


The toxicity of arsenic and lead appear to be affected by the nature 
and the solubility of the compounds in which they occur and the means 
by which they enter the body. Sheep were killed by the oral admin- 
istration of 0.4 to 0.5 g. of arsenic (As) in the form of arsenic trioxide 
(As,O;), but substantially larger amounts of arsenic (As) in the form 
of lead arsenate were required to kill. When lead arsenate was sprayed 
on foliage and allowed to remain for several weeks, still larger amounts 
were necessary to cause death. A materially larger quantity of lead 
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arsenate was required to kill when the sheep consumed it on sprayed 
foliage than when it was administered experimentally in capsules. 
This should be further checked by carefully controlled experimental 
work involving the feeding of foliage carrying spray residue applied 
some weeks before the beginning of the experiments. If the experi- 
ments should show a change in the form of the lead and arsenic on 
foliage, together with a change in toxicity, this might explain the 
survival of animals that consumed large amounts of lead arsenate 
on sprayed foliage. 

Nine sheep were fed lead arsenate varying in amount from 2 gm. per 
sheep per day to0.25gm. Apples were included in some of the rations. 
The animals receiving 1 and 2 gm. per day of lead arsenate died within 
a few days, in most cases after having received about 1.5 gm. of 
arsenic (2 gm. As,O;). One animal that received 0.25 gm. of lead 
arsenate per day survived for 35 days, and another that received the 
same amount for 94 days continued to live and was in good condition 
at the end of 10 months, when it was slaughtered. A total of 1.5 gm. 
of arsenic in the form of lead arsenate appears to be approximately a 
lethal dose when fed in small amounts daily. This is equivalent to 
about 41.0 mgm. of arsenic (As) or 192 mgm. of lead arsenate per 
kilogram of body weight. 

Analytical results on the stomach contents and on a number of 
organs, as well as on the urine and feces, did not account for all the 
lead and arsenic consumed. The proportion of the arsenic consumed 
which was eliminated was rather small; the proportion of the lead 
eliminated was somewhat larger. The results obtained suggest a 
relation between the quantity consumed per day and the proportion 
eliminated. When larger quantities were consumed a larger propor- 
tion was eliminated in the urine; when smaller quantities were 
consumed a larger proportion was eliminated in the feces. Even in 
the latter case the quantity of lead was greater than that of arsenic. 
Paradoxically, the sheep that eliminated the smallest percentage of 
both arsenic and lead continued to live for 3 months. A larger pro- 
portion of lead than of arsenic was found in the stomach contents, 
presumably because of the difference in solubility. A larger propor- 
tion of the Jead and arsenic remaining in the body was found in the 
stomach contents than elsewhere, although more was eliminated than 
remained in the stomach. The inclusion of apples in the ration had no 
apparent effect on the toxicity or elimination of lead and arsenic. 
Small quantities of these elements were found in the liver, kidney, 
heart, lungs, gall bladder, bones and marrow, and wool. 
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COMPARISON OF A CHEMICAL AND A BIOCHEMICAL 
METHOD FOR DETERMINING THE BIOLOGICAL VALUE 
OF PROTEINS AND AN EVALUATION OF THE ENDOG- 
ENOUS NITROGEN! 


By Fuioyp C. Ouson, formerly research assistant, and Leroy S. PALMER, agri- 
cultural biochemist, Division of Agricultural Biochemistry, Minnesota Agri- 
cultural Experiment Station 


INTRODUCTION 


Since the discoveries that animals require specific amino acids and 
that amino acid distribution in proteins differs with a resultant 
difference in nutritive quality, a chemical method for determining the 
nutritive value of proteins has been sought. Almquist, Stokstad, and 
Halbrook (1)? proposed a chemical method which differed from any 
previously iat Analyses of animal protein concentrates were made 
for intact pee protein decomposition products, indigestible pro- 
tein, and hot-water-soluble protein. A formula was then used to 
give a numerical “protein quality index” (1, p. 205). 

The purpose of the present study was to compare the method of 
Almquist et al. with the Mitchell and Carman (10) modification of the 
Thomas-Mitchell (8) nitrogen-retention method of determining the 
biological value of protein. The digestion of the protein-containing 
materials was compared in vitro and in vivo. In addition, a com- 
parison was made between the endogenous urinary nitrogen output 
when corrected according to body weight and when corrected accord- 
ing to body surface area (12). 


PROTEIN-CONTAINING MATERIALS 


The protein-containing materials studied are given in table 1. 
The cereals and cereal protein concentrates were commercial products 
and were used without purification. Soybean meal 1 was a solvent- 
extracted meal at 60° C. that had been heated after extraction to 110° 
for 30 minutes to drive off the residual solvent. Soybean meal 2 was 
a portion of meal 1 that had been heated at 110° for 15 hours after 
extraction. It had the characteristic straw color of heated soybean 
meals. The dry whole-egg and liver meals were commercial prep- 
arations that had been soaked in alcohol, extracted with ether for 
48 hours and air-dried. The tankage, a commercial meat and bone 
product having about 50 percent of crude protein, was soaked in 
95-percent ethanol, extracted with ethyl ether for 48 hours, and air- 
dried. The casein was a commercial casein which was purified twice 
by dissolving in ammonia, running through a supercentrifuge, and 
reprecipitating with a mixture of acetic and hydrochloric acids; it 
was then extracted with alcohol for 24 hours, with ether for 48 hours, 

1 Received for publication October 4, 1939. Paper No. 1681, Scientific Journal Series, Minnesota Agricul- 
tural Experiment Station. ‘The data in this paper are taken from a thesis presented by Floyd C. Olson in 


partial fulfillment of the requirements for the degree of Doctor of Philosophy, University of Minnesota, 1938. 
The original data are on file in the Division of Biochemistry, University of Minnesota. 





2 Italic numbers in parentheses refer to Literature Cited, p. 341. 
Journal of Agricultural Research, Vol. 60, No. 5 
Washington, D. C. Mar, 1, 1 
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and dried at 40° in vacuum. The crude-protein content of the pre- 
pared foods is given in table 1. 


TABLE 1.—True digestibility and biological value of proteins tested by the nitrogen- 
retention method 





















Crude True digestibility Biological value 
pro- 
tein | Propor- 
Source of protein con- | tionin| Tests Average | Stand-| Average | Stand- 
tent diet with ard wit ard 
as pre- standard | devia- | standard | devia- 
pared error tion error tion 
Percent | Percent| Nwmber| Percent Percent 
Dried whole egg.............--------- 77.18 12 | 97. 920.17 0.58 | 93.90. 82 2. 84 
is avin cn nducewatgciaia 91. 68 8 11 | 99. 7+ .35 1.16 | 62. 9+1.83 6.09 
Whole wheat. 13. 40 8 11 | 91.7+ .59 1.97 | 47.241. 28 4. 24 
Wheat gluten. 76. 38 s 10 | 99.34: .21 - 66 | 41. 9-1. 44 4. 56 
Whole corn.-.- -| 10.06 8 12 | 91.84.53] 1.83 | 52,541.10 3. 80 
Corn-gluten meal. ______-._.----..--- 42, 63 8 10 | 96.74% .41 1,30 | 41.8+1. 71 5.40 
5 a ease 76, 25 8 12 | 88.34 .40 1.38 | 56.54 .84 2.90 
NaS ss Ear SR St ae 56.19 12 14 | 83.34 .50 1.88 | 38.141. 63 6.10 
Soybean meal 1................-....- 47.70 8 10 | 83.94-1. 10 3.48 | 61.1+1.16 3. 68 
| eee 46.00 8 10 | 84.34% .86 2.7 68. 51. 06 3.35 























EXPERIMENTAL METHODS 
NITROGEN BALANCES 


Two different series of nitrogen-balance experiments were run. 
The first series was performed in the Division of Agricultural Bio- 
chemistry, University of Minnesota. The metabolism cages and 
collection of excreta were essentially as described by Mason and 
Palmer (7). To prevent loss of scattered feed a porcelain feed dish 
was set into the center of a 1-pound coffee can, the side of which was 
cut down in such a way that wire netting placed over the top gave an 
incline of about 40°. 

The biological values of the tankage and soybean meals 1 and 2 
were determined in the Department of Agricultural Chemistry at 
Ohio State University, where a different technique was necessary 
because of a different type of cage. The technique used here was 
essentially that of Mitchell (8) except that the filter paper containing 
the absorbed urine was submitted to direct nitrogen determination, 
blanks being run on the same amount of similar filter paper. 

The experimental protein rations furnished 4.5 percent of dry 
whole-egg protein in the nitrogen-free periods, and 8 percent of protein 
in the protein-feeding periods, except for the tankage which was fed 
at a 12-percent level in order to promote growth. To this was added 
4.5 percent of Hawk and Oser (5) salt mixture, 1 percent of NaCl, 
2 percent of cod-liver oil, filtered butterfat to give a total fat content 
of 10 percent, agar to give a crude-fiber content of about 2 percent, 
0.3 percent of vitamin B, concentrate,’ and tapioca dextrin to com- 
plete the 100 percent. 

In the first series young male rats only were used from the highly 
inbred strains in the rat colony of the Division of Biochemistry, 
University of Minnesota. In the second series the rats, including 
eight females, were purchased from a commercial breeder. 

All the experiments involved 4-day transition periods and 7-day 
collection periods. Two experimental protein-containing rations were 


8 A commercial product, containing 105 International Units of vitamin7B; per gram’ and 9.04 percent of 
nitrogen. 
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fed in the periods between initial and final nitrogen-free periods. The 
rats were so divided that one-half the products were tested in the 
first protein-feeding period and one-half in the second. 

The appetite of the rats during the nitrogen-free periods was good, 
and they all gained slightly in weight. The food intake on the wheat 
gluten and corn-gluten meal was rather low, but all rats which did 
not gain weight were discarded. 


CHEMICAL ANALYSES 


The same protein products used in the feeding experiments were 
analyzed by the procedure of Almquist and associates (1). In this 
method pepsin HCl alone is the digesting agent. In order to test its 
completeness, peptic * digestion was followed by tryptic,® the solution 
being made alkaline to an alkalinity of 0.5-percent sodium carbonate 
with solid sodium carbonate, 25 ml. of 1.5-percent trypsin solution 
was added,and the sample shaken by machine for another 24 hours 
at 40°C. The insoluble material was analyzed for nitrogen. Blanks 
for the enzymatic digestion were run in the same manner as when 
protein was present. The activity of the enzyme preparations is 
indicated by the fact that they effected nearly 100-percent digestion 
of casein. 

It was noticed in the peptic-tryptic digestion of liver meal and 
tankage that a copious reddish-brown precipitate formed on neutral- 
izing with sodium carbonate. This was thought to be porphyrin, 
the hydrochlorides of which are soluble but which are insoluble in 
neutral or basic solution. A nitrogen analysis of the porphyrin 
precipitate was made in separate experiments to determine how much 
of this fraction classed as digestible by the procedure of Almquist 
et al. (1) would be classed as indigestible in the pepsin-try psin digestion. 


EXPERIMENTAL DATA 


The endogenous urinary nitrogens in the nitrogen-balance experi- 
ments, corrected for body weight, are presented graphically in figure 
1. The values used for plotting figures 1 and 2 were taken from 
table 2 and a third N-free period on 11 rats not shown in this table. 
The formula for the regression line was first calculated in terms of 
logarithms and then converted into arithmetical terms. The formula 
is N=135.6 W~°-*°], where N equals endogenous urinary nitrogen in 
milligrams and W equals body weight in grams. The negative slope 
of the curve indicates that the endogenous urinary nitrogen per unit 
of body weight decreases with an increase in body weight. This 
formula differs considerably from Ashworth’s (3) formula, N=69.3 
W-°.2%4 calculated for certain of Mitchell’s data on young rats. 

Smuts (12) reported that the endogeneous urinary nitrogen is 
more closely related to body surface than to body weight. Figure 2 
shows the same data as figure 1 plotted in relation to the body surface, 
this being calculated by Lee’s (6) formula, S=12.54 W®- where S 
is the body area in square centimeters and W is body weight in grams. 
The formula. for the regression line in figure 2 is N=5.61 A°-°*, where 
N is the endogenous nitrogen ia milligrams and A is body-surface 
area in square centimeters. When the data are calculated according 
to Fisher’s (4) t-value, the exponent is shown to be not significantly 
different from zero. 


4 Powdered pepsin, U, §, P, X., Merck, wasemployed. Trypsin, Difco, 1:110, was employed. 
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ENDOGENOUS URINARY NITROGEN (MILLIGRAMS PER 100 GM.) 
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Figure 1.—Regression curve of milligrams of endogenous urinary nitrogen per 
gm. of body weight plotted against body weight. 
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Ficgukre 2.—Regression curve of milligrams of endogenous urinary nitrogen per 
100 cm.? of body surface plotted against body-surface area. 
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TABLE 2.—Summary of endogenous urinary nitrogen data from which figures 1 and 
2 were drawn 























First N-free period Second N-free period 

Endoge- | | Endoge- 
+ nous uri- nous uri- 

Bat Me. Average |Food con- ee nary N | Average |Food con-| eee. nary N 

weight | sumed narv N | Per100 | weight | sumed moved N | Per 100 

of rat daily ‘dail em.of | ofrat | daily * A em.? of 

aily | “body | daily | “body 

surface | surface 

Milli- Milli- Milli- Milli- 

Grams Grams grams grams Grams Grams grams grams 
69 7.6 15.2 9. 55 125 10.5 17.9 . 88 
65 7.4 14.7 9. 58 127 10.6 19.8 8. 63 
65 7.1 11.5 7.49 124 10.9 21.4 9. 46 
54.5 5.9 10.3 7.46 106. 5 8.1 15.7 7. 61 
67 6.7 12.5 8.00 103. 5 6.3 14.7 7. 24 
66.5 6.6 14.2 9.13 106 6.1 15.5 7. 53 
61.5 6.4 9.0 6. 06 92.5 5.9 18.5 9.75 
61 6.3 9.1 6.16 104.5 6.1 18.4 9.02 
65.5 6.8 9.7 6. 29 81 5.1 12.3 7.02 
7 7.3 13.3 8. 22 119.5 8.2 15.3 6.91 
61.5 6.8 9.5 6.40 108 R.1 16.4 7. 88 
65 6.8 12.7 8, 27 86 6.2 12,2 6.72 
67.5 8.2 13.5 8. 60 87.5 8.0 17.1 9. 32 
63 7.2 12.7 8. 43 81 7.0 13.3 7. 60 
64.5 7.7 13.5 8. 84 83 6.9 13.8 7.77 
65.5 8.3 13.8 8.95 88.5 8.9 15,4 8.34 
60.5 7.3 13. 2 8.98 72.5 6.8 12.6 7. 69 
58 6.7 12.4 8. 65 78.5 8.0 13.8 8.03 
68 7.4 11.8 7.48 120. 5 9.6 16.5 7.42 
68.5 7.3 3.1 7.01 86 6.0 12.0 6. 61 
62.5 6.7 13.1 8.74 73.5 5.5 11.6 7.02 
59 5.8 12.4 8. 56 70 4.9 11.2 6.98 
64 7.3 11.0 7.24 79 5.0 11.0 6. 38 
64 7.5 10.1 6. 64 111 8.1 13.7 6. 47 
77.5 8.3 15.4 9.03 96.5 5.6 14.5 7. 46 
75 8.0 14.4 8. 61 92.5 6.8 13.7 7. 22 
65.5 7.5 11.1 7.20 80 5.0 11.0 6. 33 
69.5 6.7 11.1 6.95 83 5.2 12.3 6.92 
78.5 8.2 14.6 8.49 98.5 7.6 16.2 8. 23 
60.5 6.1 10.8 7.35 73 4.0 9.9 6.02 
62 7.4 11.2 7.51 83 8.5 13.7 7.71 
61.5 6.7 11.4 7. 68 75.5 6.2 14.7 8.76 
58.5 6.0 11.2 7. 78 76.5 7.0 12.1 7.15 
52 6.3 9.9 7. 38 67 6.0 10.6 6. 78 
57.5 6.0 11.3 7.92 7 6.3 12.8 7. 84 
57.5 6.2 13.3 9. 33 7 6.8 15.2 9. 47 
57.5 6.1 14.4 10.10 69.5 5.7 10.0 6. 26 
7 7.4 11.9 7.35 82.5 5.8 14.3 8.07 
63 5.9 10.9 7. 24 68.5 4.8 14.5 9.15 
73 7.4 11.1 6.75 81.5 6.1 13.4 7. 62 
66.5 6.3 11.3 7. 26 7 4.4 14.7 9.16 
56.5 6.3 10.9 7.73 69.5 5.3 13.3 8.32 
63 6.9 11.1 7.37 73.5 6.1 19.9 12.05 
66 7.4 10.5 6.78 80 6.2 14.1 8.11 
60 5.9 11.8 8.07 67.5 5.3 15.5 9. 87 
56 6.4 10.6 7. 55 68 6.1 11.9 7.55 
68 6.7 13.0 8. 24 78 5.6 16.8 9. 81 
63.5 6.6 11.8 7.80 72 5.5 13.4 8. 21 
63 8.0 () (‘) 93 7.7 13.9 7.30 
60 7.8 8.3 5. 67 7 8.0 16.5 8. 46 
61 8.0 12.1 8.19 97 8.0 16.2 8. 30 
61 7.9 14.3 9. 68 89 8.0 15.9 8. 58 
63 8.0 7.4 4.91 92 8.0 17.5 9. 26 
57 8.0 9.7 6. 84 85 7.4 15.6 8.65 
63 8.0 (‘) () 84 7.9 12.5 6. 98 
59 8.0 11.3 7.80 86 8.0 17.5 9. 64 
60 7.9 12.3 8. 41 85 7.9 16.9 9. 37 
62 7.9 17.3 11. 60 76 6.8 13.3 7.89 
59 7.9 (1) (1) 93 7.9 15.4 8.09 
60 7.9 13.7 9. 36 89 8.0 16.3 8. 80 
60 7.9 13.1 8.95 90 7.9 15.4 8. 25 
65 7.8 13.3 8. 66 94 8.0 16.5 8. 62 
64 7.9 11.4 7. 50 92 8.0 16.8 8.89 
63 8.0 14.6 9. 69 85 8.0 | 18.8 10. 43 
63 8.0 15.1 10. 02 90 7.9 16.0 8. 57 
6 | 7.8 14.6 9. 98 76 7.5 15.1 8. 96 
62 | 8.0 () (1) 90 8.0 17.6 9. 43 
60 | 7.9 17.2 11.76 90 7.7 13.8 7.40 
59 | 7.7 14.1 9.74 sh 14.3 7. 87 
60.5 | 7.9 16.5 11, 22 88 | 7.7 15.8 8.58 
57 | 7.7 14.9 10. 50 84 | 7.7 15.9 8. 88 
57 7.9 12.8 9. 02 85 | 7.7 12.5 6.93 























1 First endogenous urinary N lost. 


Results based on second period. 
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When the data from Mitchell’s laboratory, as used by Ashworth 
(3) are plotted in figure 3 on the body-surface-area basis, the regression 
formula N=3.44 A®°.™ is obtained. This formula shows a larger 
increase in endogenous urinary nitrogen per unit of body surface 
with an increase in body surface than does the regression line in 
figure 2. An inspection of figure 2 shows a fair grouping of the values 
around the regression line. However, the values from Mitchell’s 
laboratory show no grouping around the regression. line but a wide 
scattering over the range of 5 to 17 mgm. per 100 cm.’ of body surface. 
This wide scattering of the points appears from the original data 
to be owing more to a variation between groups on different rations 
than to differences between individual animals. This would indicate 
that the variation was due to lack of complete control of the experi- 
mental procedure. For example, in some cases, even with whole egg 
in the ration, the animals lost weight, indicating that the food intake 
was not sufficient for the energy requirements. This would tend to 
increase the endogenous urinary nitrogen. Ashworth (2) reported 
that a 4-day preliminary period on a nitrogen-free ration is not 
sufficient for attainment of a low food intake. Mitchell and Beadles 
(9) reported a case in which the true endogenous level was not reached 
with a 4-day preliminary period. 

However, it is to be noted that some of the values from Mitchell’s 
data are for rats larger than those plotted in figure 2. Other determi- 
nations of endogenous urinary nitrogen on adult rats (not reported 
here) have given values considerably higher than 8 mgm. per 100 
em.? of body surface even though a longer depletion period on a 
nitrogen-free ration was used. Smuts (12) found that rats weighing 
150 gm. or more give an average endogenous urinary nitrogen of 
15.40 mg. daily per 100 cm.’ of body surface. Calculations made 
from results obtained by Mason and Palmer (7) and by Lohn ® from 
this laboratory on adult rats show values almost as high as those 
obtained by Smuts. Thus, it would seem that, whereas young rats 
of 50 to 100 gm. body weight show an endogenous urinary nitrogen 
output of 6 to 10 mg. per 100 em.2 of body surface, older rats attain 
a considerably greater average output when calculated per unit body 
surface. 

Table 1 gives the biological value and true digestibility with the 
standard errors and standard deviations for the test proteins. For 
the biological value calculations, the endogenous urinary nitrogen was 
corrected for changes in body surface area, and the metabolic fecal 
nitrogen was corrected for each gram of dry food intake. 

Table 3 shows the significance of the differences between certain 
means, by using formulas given by Treloar’ and referring to Shep- 
pard’s (11) tables for the relative deviate, x’, in the determination 
of the probability for comparisons of biological value and digestibility. 
For comparisons of endogenous urinary nitrogen where correlation is 
expected, Fisher’s (4) formula was used. 

6 LOHN, C. ASTUDY OF THE EFFICIENCY OF FOOD METABOLISM FOR THE MAINTENANCE OF INBRED ANIMALS 
DIFFERING IN THEIR EFFICIENCY OF FOOD UTILIZATION DURING GROWTH. Thesis, Ph. D., Univ. Minn. 


7 TRELOAR, ALAN E. AN OUTLINE OF BIOMETRIC ANALYSIS. 3v.in1. Burgess Publishing Co., Minne- 
apolis. 1935. [Mimeographed.] See pp. 28-29, and 56 
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ENDOGENOUS URINARY NITROGEN (MILLIGRAMS PER 100 SQ.CM) 
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BODY SURFACE (SQUARE CENTIMETERS) 


Ficure 3.—Regression curve of milligrams of endogenous urinary nitrogen per 
100 cm.? of body surface plotted against body-surface area. Mitchell’s data 
as cited by Ashworth (3). 
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TaBLE 3,—Determination of significance of differences in means for endogenous 
urinary-nitrogen and other data 















Item Period or value Mean psmener Probability 
: ; Milligrams 
Endogenous urinary nitrogen per 100 |{First N-free period.____. 19.6 3.4 
gm. of body weight. Second N-free period _-_- 17.1 2.6 0.001 
ry fe ar nitrogen per 100 {aur Wea period .____. 8.2 1.4 \ 674 
em, y surface. Secon -free period ___ 8.1 11 : 
Endogenous urinary nitrogen pws 100 gm. foe N-free period -__.- 22.1 5.0 } ocl 
an body weight, Mitchell’s data (3). a Second N-free period __- 18.8 6.1 , 
‘ndogenous urinary nitrogen per 1 A : 10. 2 2.2 
=e of body surface, Mitchell’s data |i ee et 10.3 3.3 \ 92 
(3). > ate 
Percent 
SSR SSSR Senn ayer Biological value_____._.. 47.2 4.2 \ 006 
| NGS EN TLRS RE rT ls eo ieee 41.9 4.6 
IE Sos asict esa Gaswcncnceuncunonleakies (SR SEs orig 52.5 3.8 } 001 
SS ESE Te, (ds ae SES 41.8 5.4 . 
— — pital aegalen web Phoke cae ie See cok cates ant eke 61.1 34 \ 001 
Soybean mi a 2 EO "Na er eee 68.5 .3 ‘ 
| eae Digestibility ee ac kaaes 83.9 3.5 
83 
Soybean meal] 2... Se 84.3 27 : 

















Table 3 shows that when the endogenous urinary nitrogen is cor- 
rected for body weight, a significant fall is noted between the first 
and second periods, but not when the correction is made for body 
surface. This is also shown to be true for the data from Mitchell’s 
laboratory (3). A significant difference is shown between the mean 
biological value of whole-wheat and wheat-gluten proteins, between 
whole-corn and corn-gluten proteins, and between raw and heated 
soybean-meal proteins. However, no significant difference is shown 
in the digestibility of the two soybean meals. 

The results obtained by the chemical method of Almquist et al. 
(1) are given in table 4. The digestibility determinations of the 
proteins in vitro do not agree very closely with the corrected digest- 
ibility obtained from the rat data. The corn proteins show a higher 
digestibility in vivo while whole-wheat, soybean, and tankage pro- 
teins tend to give better digestion in vitro. The differences between 
digestion of tankages and liver meal by pepsin HC1 and on peptic- 
tryptic digestion show that a considerable amount of porphyrin-like 
material is present, and therefore there is a distinct error in the 
method employed by Almquist and associates for determining digest- 
ibility. The digestibility used in calculating the protein quality 
index was the value obtained in vitro which most nearly approached 
the digestibility in vivo. The explanation of this is given in the last 
column of table 4. The data indicate that no single method of 
enzymatic digestion is comparable with animal digestion. 
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TaBLE 4.—Results obtained for digestibility of proteins from various sources, ex- 
pressed as percentage of total nitrogen, chemical (in vitro) means of digestion and 
determination being used 

















rhe” | Undi- \Undigest-/ Unai. | Undt 
Copper|tungstic| gested | &4 with oe residue Lowel Protein yo east 
Source of protein |PFCC!Pl| acig | with | Pepsin Ivo | as de- | Water |ouality Bes 
table |. pecipi- sin | Deutral- | pepsin |e nineq| Soluble iidax used for 
(A)! [Prob PB) lized after| and |r at| (C) calculation 
(D)! digestion |trypsin ata 
Dried whole egg....| 100.0 0.0 4.2 0.0 23 4.1 93.3 | Pepsin. 
| ae 95.7 5 4.7 re 3 3.8 93.5 | Trypsin. 
Whole wheat___....} 81.3 4.2 5.8 3.5 8.3 13. 4 69.2 | Pepsin. 
Wheat gluten_.___- 84.0 8.3 St eR .2 am 16.0 77.1 Do. 
Whole corn.......--}| 85.4 8.7 41.0 ee 17.4 8.7 2.0 70.3 | Trypsin. 
Corn-gluten meal__-| 94.0 2.3 10.8 Seid 5.9 3.3 1.8 87.9 Do. 
Liver meal__...__.-- 86.9 5.9 11.0 15.3 11.6 11.7 11.5 73.1 Do. 
Tege..........-- 78.9 11.7 11.1 13.9 9.0 16.7 16.2 60.0 | Pepsin, neu- 
: tralized. 
Soybean meal1_....| 95.4 3 2 a eee 3.5 16.1 9.0 80.1 | Pepsin. 
Soybean meal 2_---- 96. 2 4 _ 4 | eee 3.7 15.7 6.5 81.2 Do. 
































1 Protein quality index=A—(B+0.6 C)+0.4 D. 


The data of tables 1 and 4 are compared in figure 4. There seems 
to be little correlation between the two methods. However, it will 
be noted that the natural foods, to which no protein material had 
been added or from which none had been subtracted, lie on a fairly 
straight line. Casein, corn gluten, and wheat gluten, which are more 
or less isolated proteins, give quite different results by the chemical 
method as compared with the nitrogen-retention method. 
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Ficure 4.—Comparison of the protein quality index with the biological value 
for proteins from different sources. Data from tables 1 and 4. 
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SUMMARY 


Nitrogen-balance studies were made with young rats, 10 food 
proteins being used. The values obtained (rounded) were: Whole 
egg 94, casein 63, whole wheat 47, wheat gluten 42, whole corn 52, 
corn-gluten meal 42, liver meal 56, meat and bone tankage 38, sol- 
vent-extracted soybean meal 61, and heated solvent-extracted soy- 
bean meal 68. 

The same foods were used for the determination of the protein 
quality index by the Almquist chemical method. 

The digestibility of the proteins was calculated from data obtained 
by the nitrogen-retention method. An attempt was made to com- 
pare these values with the digestibility determined by means of 
enzymes. The digestibility in vitro showed a poor comparison with 
the digestibility in vivo. 

The protein quality index showed no comparison with the biological 
value by the nitrogen-retention method when used on isolated pro- 
teins. For natural foods the comparison is fair if the enzymic di- 
gestibility most similar to that in vivo is used for the calculation of 
the protein quality index. 

Heated soybean meal was found to have a higher biological value 
than raw, but no difference was found in the digestibility of the raw 
and heated meals. 

Correction of the endogenous urinary nitrogen according to body 
surface was found to give less variation than correction according to 
body weight. When the body surface correction was made, no dif- 
ference was shown in endogenous urinary nitrogen between the first 
and second nitrogen-free periods. 

The regression lines were plotted for the endogenous urinary nitro- 
gen when calculated according to body weight and body surface area. 
The formula for the regression line for the body weight graph is 
N=135.6W~°-* and for the body surface graph, N=5.61A°.*, 
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COMPARISON OF THE ACCURACY OF TWO METHODS OF 
ESTIMATING FINENESS OF WOOL FIBERS! 


By Ravpu W. Puitwips, formerly physiologist, R. G. Scuorr, animal husbandman, 
J. I. Harpy, senior animal husbandman, and H. W. Wo tr, junior animal fiber 
technologist, Animal Husbandry Division, Bureau of Animal Industry, United 
States Department of Agriculture 


INTRODUCTION 


Diameter of wool fibers is one of the most important points to be 
considered in evaluating a fleece, either with respect to some phase of 
scientific work or from a commercial viewpoint. The method most 
commonly used for estimating the diameter is to compare fibers from 
a sample in question with standard fibers of known diameter or with 
a mental picture of such standards. Hardy and Wolf (4)? recently 
described a method in which enlarged cross sections of the fibers in 
question were compared with similarly enlarged fibers of known 
diameters which make up the set of standards. The object of the 
present study was to compare the accuracy of these two methods. 


MATERIAL AND METHODS 


One hundred samples of wool were selected from samples available 
in the laboratory. These were obtained from Rambouillet, Corriedale, 
and Columbia yearling ewes at the United States Sheep Experiment 
Station, Dubois, Idaho. The average diameter of each sample was 
determined by measuring the actual diameter of the fibers, up to a 
maximum of 100, in a given area of the cross section. In some of the 
coarser samples there were not 100 fibers in the area; in 17 samples 
there were only 50 fibers, and in 13 samples 90 fibers. The diameter of 
each fiber was obtained by taking 2 measurements at right angles to 
each other and obtaining the average of these 2 measurements. These 
determinations were made after completion of the scoring work on 
the 100 samples. Consequently, there was no information on actual 
diameters available to the judges at the time the scoring was done. 

As a check on the actual diameters of the fibers, the diameters were 
estimated by the count method described by Hardy and Wolf (4). 
A correlation of 0.98 was found between diameters estimated in this 
manner and the direct measurements of fibers described. 

For convenience, the two methods compared in this study are 
designated in this paper as method A, in which enlarged cross sections 
of fibers were compared with cross sections of known diameter, and 
method B, in which fibers were compared directly with those of known 
diameter. 

In method A, a bundle of fibers from each sample was cross-sectioned 

the method described by Hardy (3). The cross sections were 
ys Bose ese on positive 35-mm. film strips and projected to 1,000 
magnifications for comparison with the standard, which consisted of a 


1 Received for publication November 3, 193! 
2 Italic numbers in parentheses refer to ‘ieee Cited, p. 349. 
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similar film having photographs of cross sections of known diameter 
magnified to the same extent. The various cross sections in the 
standard set were projected in succession adjacent to the image of the 
unknown until the observer decided which sample of known diameter 
the unknown most nearly approached. This method is described in 
detail by Hardy and Wolf (4). The standard set used contained the 
following nine wool grades, based on spinning counts: 80s, 70s, 64s, 
60s, 56s, 52s, 48s, 44s, and 40s. 

In method B, fibers from the samples were compared with fibers in 
a set of standard samples, which included the same nine grades as 
were used in method A. This set of samples was selected as being 
representative of the respective grades on the basis of both visual 
appearance and measurements of the diameter cf cross sections. 

The diameter of each sample was estimated by each method on 
3 different days by 5 judges all of whom were experienced in the grading 
of wool. Thus 1,500 observations were made by method A, and the 
same number by method B. Statistical analysis of the data was made 
to determine the accuracy of each method. The statistical procedures 
are indicated in the discussion of each phase of the analysis. For 
convenience in analysis and in presentation, the grades arrived at in 
both methods were classified from 1 to 9, corresponding to the wool 
grades of 80s to 40s. The term “score” as used subsequently in this 
paper refers to the class numbers representing the grades into which 
the samples were classified by the judges. 


EXPERIMENTAL RESULTS 
DIFFERENCE IN SCORING LEVELS OF THE TWO METHODS 


The placement of the samples by the five judges, in methods A and 
B, is given in table 1. The distribution of the samples based on actual 
measurements of cross sections is also given in table 1 for comparison 
with the scores given by the judges. The superiority of method A 
as evaluated by this procedure is obvious, 96 percent of the samples 
being placed in the correct class or deviating only 1 class from the 
correct one, whereas with method B only 44 percent were placed 
correctly or within 1 class of the correct one. 

In the greater number of deviations from the actual values under 
method A the diameters of the fibers were underestimated, that is, 
they were estimated to be finer than they actually were; whereas in 
method B the diameters of the greater number were ‘overestimated that 
is, estimated to be coarser than they were. Since the totals given in 
table 1 are based on 100 samples and are average placements of 5 
judges, the numbers may be considered as percentages or probability 
placements. 

Another method of showing the accuracy of the determinations by 
the use of methods A and B is given in figure 1. The frequency based 
on actual measurements is plotted against the class scale and is given 
by the solid line. The placement of samples according to method A 
follows closely that of the direct measurements, whereas the distribu- 
tion by the use of method B is strikingly different and indicates that 
the judges, not being able to distinguish the relative diameters of the 
fibers, tended to place them toward the middle of the scale. 
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TABLE 1.—Comparison of methods A and B in average placement of 100 wool 
samples by 5 judges ! 





| Samples in each class— 





Deviating from actual measurements by number of classes 







































: indicated (+ signifies overestimation; —, underestima- 
Range % ae tion), as estimated by— 
Class No. av erage oun 
diameter by 
of fibers? | actual 
| meas- Method A Method B 
ure- 
| ments 7 7 
| niente +2|—2 0 |+3]-1|42|-2|49]-2] 44 
eae SP oe | Sanne ens a —— = —|—|— Ss as, PON a: 
Microns No. i = \No. No. Ino 0. |No. | No. | No. | No. |No. | No. | No. | No. 
R.. Sits Diese: 16-17.9 ll 1 : 6 1 d 
RRR Ty 16 2\ 8 | ‘| 2\ 2 2 10 i 
ERIE METRES PER, m\i4| 4| 9 ae 5 2|19 | a i 
” CRE ase ere EO 22-23. 9 21) 10) 2) 9} ...| eS ee ee ae | 1 | ae 
aa woe P 24-25.9 8 5 1 2 3 3 a js eee 1 
Bore ct. ee 6] 1 5 | ot St Biota de 
EEN Se eis tr vedere 28-29. 9 4 » A ee 2 1| 2 | Be I, CEI PONS 
| an ae eta as Sy ay 30-31.9 ig wae 2 3 2 - pi AA te pede ae, TSE 
Deere as coh 32-37. 9 Bias Bee 2 ene EER Saw ed 2 ‘* a ne 
Gari | | aces ae e iwewehs | 6)a| 1/15 | o| 6 


! For description of state, 3 see p. 343 and 344. 

2 The range in diameter in each class was arrived at arbitrarily, the distribution curve being based on 
actual measurements of the ninth class, which is wider because of the few samples occurring in this group; 
therefore, the ranges differ somewhat from those given by Hardy and Wolf (4). 
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Ficure 1.—Distributions of average diameters of 100 samples of wool, as deter- 
mined by 3 different methods. 


The frequencies obtained with methods A and B were correlated 
with the frequency obtained with the direct measurements. In 
method A, the correlation was 0.95; in method B, 0.77. These corre- 
lations are significantly different from a population in which the 
correlation is zero. In order to test the difference between the corre- 
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lations of 0.95 and 0.77, the method given by Fisher (2) was used. 
The probability of these values arising from the same population is 
less than 0.001. This finding is taken as statistical support to the 
conclusion that methods A and B are completely different in their 
placements of the samples in relation to the standard values. 


SOURCES OF VARIANCE IN THE TWO METHODS 


In order to evaluate the elements that contribute to the variability 
in the procedures, the data obtained by each method, A and B, were 
studied separately by using Fisher’s analysis of variance (2). The 
mean squares calculated in that analysis were then transformed into 
percentages according to a plan first adopted by Lush ° in a similar 
study, and later used in a study of two scoring methods employed in 
evaluating certain swine characters by Hetzer and Phillips (5). Table 
2 gives the proportion of the variance due to factors which it is be- 
lieved have an important influence on the variability of the scores. 
The method for testing significance was the F test given by Snedecor 
(6) for differences between mean squares as calculated in the analysis. 


TABLE 2.—FPercentage of variance contributed by each source to the total variance in 
the scores by the 2 methods 


























Source of variance Method A | Method B Source of variance Method A | Method B 
Percent Percent Percent Percent 
Between samples. ----- 182.31 170.73 || JudgesXdays_.....-...--- 20.59 20. 
Between judges. - ------ 14.76 14.55 || Samples Xjudges X days._- 9. 56 4.58 
Between days. ---.-.----- 1,46 . 03 
Judges Xsamples....- ----- 2.53 113.02 i Se a Rae 100. 00 100. 00 
DaysXsamples...-..-- --- —.21 6.40 : 








1 Highly significant (p=<0.01). 
2 Significant (p= <0.05). 


The error term used in testing the significance was the source of 
variance listed as samples judges Xdays. The percentages of vari- 
ance owing to this source are included in table 2 to show the relative 
importance of causes of variation other than the first six listed. A 

art of the variance expressed by this error term evidently is caused 
- random error in scoring; however, other factors such as shifts in 
individual opinion of the judges in scoring may also be important 
causes of this variance. 

In both methods the variance due to differences between samples 
was highly significant. Since the methods are designed to measure 
differences between samples, the one that demonstrates the greater 
percentage of variance in this item would be the better method for 
detecting differences. 

The variance due to differences between judges was sufficiently 
large to indicate highly significant differences in the scoring levels of 
the judges. The amount of variafion contributed by this source was 
about equal in the two methods. 

Variance due to differences between days was small in both methods 
but is sufficiently large to be highly significant in method A because 
it enters into the scoring 500 times a day; therefore, the mean square 
becomes significantly large. 


3 LusH, JAY L, REPEATABILITY OF SCORES MADE BY THE SAME MAN. [Unpublished.] 
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Of the double interactions, only one, the interaction of judges and 
samples in method B, was highly significant. Interactions of judges 
and days were significant i in both methods, although in neither case 
is the variation large enough to be considered important. 


CORRELATIONS BETWEEN SCORES 


The extent to which the scores of the samples were likely to be the 
same on different days, the correspondence of the scores of the same 
judge on different days, and the extent to which the judges agreed in 
their scores for the same sample, are given by the intraclass correla- 
tions in table 3. These correlations are all highly significant. The 
correlations are similar in size for both methods, but in all cases those 
for method A are slightly higher, indicating a tendency for greater 
accuracy of method A as judged by these intraclass correlations. 


TABLE 3.—Intraclass correlation between the scores given each sample by the 2 














methods 
Intraclass correlation | Method A | Method B 
Between scores of the same judge on different days_--.-.......-.-.---.---------- 


193 82 


Between scores of the same sample by different judges 


Between scores of samples on different days--..............-.------------------- | 0. 98 0. 90 
87 





INDIVIDUAL-JUDGE PLACEMENTS 


Since it is of interest to know how the individual judges placed the 
scores in the two methods, the data were grouped by judges, as given 
in table 4. The number of times each judge placed the sample cor- 
rectly is given under each method. The plus and minus deviations also 
are given. The correlations (r) indicate the consistency of the judges 
in placing the samples. For example, judge No. 5 under method A 
placed the fewest samples correctly. However, the consistency with 
which he placed the samples is shown by the highest correlation, 0.84. 
Under method B the judges seemed to be consistent in their placement 
as indicated by the correlations, but the number of accurate place- 
ments was low, and the deviations were preponderately on the plus 
side, that is, the fibers were judged to be coarser than they actually 
were. 


TABLE 4.—Placement of scores by the individual judges, using the 2 methods 


| 





Deviation from actual measurements by number of classes indicated (+ signifies 
overestimation; —, underestimation) as estimated by— 





Judge No. Method A Method B 





—3} —2)—1) 0 | 41/42/43) r | —2)—1) 0 | 41) 42) 43/44/45) r 





No. | No. | No. | No. | No. |No. | No. No. |No. | No. | No. | No. | No. | No. | No. 
.---| 5] 28 | 48] 18] 1 |...-| 0.81 |_-_-| 7] 11 | 26| 24] 22) 9] 2] 0.61 
eer Tk Oe Fee e emoe em | 3] 6] 13 | 30 | 30) 11 4 3 . 63 
1 7 | 39 9 82} 2] 8} 27) 27 | 25} 10 w deakes .79 
7| 38) 43;10; 1 1 81; 2] 8| 6] 24| 22] 24|12) 2 61 
-| 17 | 44] 37] 2 | 1/-....| 15 | 27 | 26) 24) 6] 2 . 67 
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The general observations to be made from table 4 are that all 
judges were working within either method with approximately the 
same degree of success, and the relative accuracy of the two methods 
is not biased by individual judges. 


DISCUSSION 


The experimental findings indicate clearly that method A is more 
accurate in estimating wool-fiber diameter than is method B. With 
method A the judge not only is able to see the cross sections of fibers 
at 1,000 magnifications, but also he can view them without being 
confused by grease and dirt, crimp, and differences in light refraction. 
Furthermore, he is able to note and consider variability in the diam- 
eters of individual fibers. The psychological and physiological 
effects of these various factors on the wool scorer are discussed by 
Tinzer (7). 

The fundamental basis of the visual judgment of the fineness of 
Wool is the Fechner-Weber psycho-physical law, as discussed by 
Barker (1, pp. 141-151). This law was stated by Fechner in 1860 as 
follows: “In order that the intensity of a sensation may increase in 
arithmetical progression the stimulus must increase in geometrical 
progression.”’ His general formula is J=C log S, where J is the 
sensation, S the stimulus, and Ca constant. The failure of the judge 
to place the fineness of wool in the correct groupings or classes seems 
to indicate that the so-called law does not hold. 

Method A requires much more equipment and time than method B, 
and in some types of work this expenditure would not be justified. 
However, it seems evident that method B cannot be expected to yield 
satisfactory data for experimental or other purposes in cases in which 
the detection of small differences in diameter is essential. 


SUMMARY 


A comparison is made of the accuracy of two methods for estimating 
the diameters of wool fibers. In method A the diameters. of cross 
sections of 100 wool samples, after being projected to 1,000 diameters, 
were estimated by comparing with a standard set of known diameters 
enlarged to the same magnitude. In method B the diameters of 
wool fibers from the same 100 samples were estimated by comparing 
with a standard set of wool samples of known diameters. Five 
judges estimated the diameter of each of the 100 samples on three 
different days, making a total of 1,500 observations by each method. 
For comparison, the average diameters of the 100 samples were 
determined by actual measurements of the fibers in enlarged cross 
sections. 

By method A, 45 of the 100 samples were placed correctly, based on 
the average scores for the judges, and only 4 deviated as much as 2 
classes from the actual measurements. By method B only 13 samples 
were placed correctly, and 6 samples deviated 4 classes from the 
classes in which they were placed by direct measurements. Judges 
tended to underestimate diameter by method A and to overestimate 
by method B. 

The distribution of the 100 fibers based on estimates of diameters 
by method A agrees closely with that based on actual measurements, 
whereas that obtained by method B is distinctly different. 
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An analysis of variance shows that 82.3 percent of the variance in 
the scores obtained by method A is due to differences among wool 
samples, whereas in method B only 70.7 percent is due to this source 
of variance. 

Intraclass correlations between scores of samples on different 
days, between scores of the same judge on different days, and between 
scores of the same sample by different judges are all highly significant 
for both methods. In all cases the correlations for method A are 
higher but the differences are small. A study of the placements by 
individual judges indicates that all judges were working with about 
the same degree of accuracy within each method. 

The findings indicate that the use of method A results in estimates 
of fiber diameters that are nearer the actual measurements, and that 
this method is more desirable than method B in all types of work in 
which the detection of small differences in fiber size is essential. 
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CYTOLOGY OF PARTHENOGENESIS IN POA PRATENSIS! 


By Frep W. TInNNEy? 


Formerly assistant agronomist, Division of Forage Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 


INTRODUCTION 


Since Miintzing (8) * announced in 1932 that seed is set without 
gametic union (apomixis) in certain Swedish biotypes of Poa pratensis 
L. and P. alpina L., and with gametic union (amphimixis) in certain 
Swiss biotypes of P. alpina, several other investigators have reported 
evidence that apomixis occurs in P. pratensis. The cytological studies 
heretofore published, however, do not adequately explain apomixis in 
these species. The observations herein described pertain to the cytol- 
ogy of apomictic seed development in P. pratensis. 


REVIEW OF LITERATURE 


The studies of Miintzing (8) on Swedish biotypes of Poa pratensis 
showed that plants of different biotypes (or progeny from different 
plants) might have different somatic chromosome numbers, whereas 
plants of the same biotype (or the progeny from one plant, in one 
known instance) possess the same maternal chromosome number. He 
found also that plants with a common maternal origin were extremely 
uniform in morphological type and that the chromosome behavior in 
the meiotic divisions of the microsporocytes was frequently irregular 
although this irregularity had no apparent effect on fertility. Miuint- 
zing (9), in a study of twin seedlings, found that the two plants ob- 
tained from one seed usually had approximately the same number of 
chromosomes but that it was not uncommon for one member of such 
a pair to be approximately triploid in respect to the diploid chromo- 
some number of its twin. 

Nilsson (10, 11, 12) found that self-fertility might vary from 0 to 
78.9 percent in different plants of Poa pratensis and that the fertility 
of open-pollinated plants might vary from 2.6 to 78.1 percent. He 
suggested that fertility in individual plants is affected by the environ- 
ment and that in some plants sterility is due to defective sex organs. 
He concluded that the seeds of P. pratensis are set apomictically in 
nearly all cases. This species, however, presents a case of pseudogamy 
since pollination must be effected to induce seed development. Occa- 
sional intermediate forms appear, which Nilsson suggested result from 
gametic union. 

' Received for publication July 1, 1939. The investigation herein described is a og of a project 
on the improvement of pasture grasses that is being conducted cooperatively between the Department of 
Agronomy, Wisconsin Agricultural Experiment Station, and the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, U. 8S. Department of Agriculture. 

2 The author lost his life in the sinking of the S. S. Athenia on September 3 or 4, 1939, while on his return 
from the Seventh International Congress of Genetics, which met at Edinburgh, Scotland, August 23-29, 
1939. In submitting the manuscript of the present paper the author asked that acknowledgment be made 
of the assistance of Arnold Lueck and Paul Ozanne, who aided in making the cytological preparations; 
of Prof. O. S. Aamodt, who contributed in many ways toward the completion of the work; and of Frof. 


C. E. Allen, who aided in the final preparation of the manuscript. 
3 Italic numbers in parentheses refer to Literature Cited, p. 360. 
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Akerberg (3) also concluded that apomixis commonly occurs in Poa 
pratensis, although he has found four biotypes that regularly reproduce 
sexually. He found pollination necessary to initiate apomictic seed 
development; the pollen of P. alpina was nearly as effective in pro- 
viding the stimulus to the development of the ovule of P. pratensis as 
was its own pollen. Fertilization is thought to occur occasionally in 
apomictic plants, since intermediate types appear. It is suggested 
from the chromosome number of one hybrid, that it arose from a 
fusion of an unreduced egg and a reduced male gamete (1). Another 
hybrid that Akerberg obtained from pollinating unemasculated florets 
of P. pratensis with pollen from P. alpina suggested by its chromosome 
number that it arose from fertilization of a reduced egg by a reduced 
male gamete (2). 

Cytological studies on the embryo-sac development have been made 
by Andersen (4) and Armstrong (5). Since Andersen’s study was 
made prior to the suggestion that apomixis occurs in Poa, she natu- 
rally did not consider seed development from this point of view. She 
stated, however, that “fertilization was not observed by the author, 
although the slides were carefully examined for this detail.’’ 

Armstrong (5) found that plants from different strains of Canadian 
and European origin might have different chromosome numbers. 
All the strains that he studied gave evidence of the occurrence of 
meiosis in macrospore mother cells. He concluded, from the presence 
of paired chromosomes at diakinesis in macrospore mother cells and 
from the good germination of pollen, that fertilization occurs in two 
strains, Mammoth from Ontario and No. 994 from Aberystwyth. It 
is interesting to note that he found the plants of the Mammoth strain 
morphologically uniform. 

Other reported apomictic species in the Gramineae are: Poa palustris 
L. (P. serotina Ehrh.) (7); P. alpigena (E. Fries) Lindm., P. glauca 
Vahl., P. arctica R. Br. (6); Calamagrostis obtusata Trin. (15); and 
Nardus stricta L. (14). The complete cytological facts are not known 
for any of these species. 


MATERIALS AND METHODS 


Seed of Poa pratensis collected from some of the oldest permanent 
pastures in Wisconsin was grown as single clones in the agronomy 
greenhouses and on the university farm at Madison, Wis. Most of 
the material for cytological study was collected from plants growing 
in the greenhouses during the past three winters, although some 
material was studied from collections made during summers in the 
field nursery. 

In order to avoid confusion due to collecting material from plants 
differing among themselves in their method of reproduction, as many 
stages as possible were studied in material collected from the same 
clone. Altogether 5 clones of different biotypes have been studied 
in detail. In ‘addition, material from 1 clone from each of 12 
different biotypes was collected in the field nursery for a study of 
embryo development in the embryo-sac just before pollination. 

Individual florets were separated from the spikelets with the aid of 
a dissecting microscope, submerged for not more than 1 second in a 
solution of Carnoy’s solution (6 parts absolute alcohol : 1 part glacial 
acetic acid : 3 parts chloroform), and then placed directly into Mint- 
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A, Young ovule with developing integuments and macrospore mother cell. X 218. B, Portion of nucellus, 
showing macrospore mother cell and difierentiated somatic cell (s). X 218. C, Same as B, but showing 
macrospore mother cell and two differentiated somatic cells (s). 218. D, Section through nucleus of 
macrospore mother cell illustrated in A, showing paired chromosome at diplotene. X 1,640 J, Portion 
of nucleus of a macrospore mother cell in early diakinesis. X 1,640. F, Nucleus of macrospore mother 
cell in late diakinesis. X 1,640. G, Metaphase of first meiotic divisions in macrospore mother cell (taken 
from plant shown in plate 2, Jand J). X 1,640. H, Portion of daughter cells formed by first meiotic 
division; nuclei in interkinesis. X 629. J, Daughter cells; micropylar nucleus in interkinesis; chalazal 
nucleus in anaphase. X 462. J; and J2, Second meiotic division; micropylar nucleus in early prophase, 
showing approximately 25 chromosomes (J;)' chalazal nucleus in late prophase, showing approximately 
29 chromosomes (3). X 1,640. A, Portion of daughter cells, second meiotic division; micropylar nucleus 
in anaphase. chalazal nucleus in telophase. X 629. Drawings made with camera lucida at table level. 
All figures arranged with micropylar end of embryo sac toward bottom of page. 














PLATE 2 














A, Portion of nucellus, showing two cells formed as result of first meiotic division; nucleus of micropylar 
cell in interkinesis and other in metaphase of second division; differentiated somatic cell (s). XX 342. 
B, Same as A, but showing three cells formed as result of meiotic divisions (micropylar cell failed to com- 
plete second division): differentiated somatic cell (s). 342. C,Sameas B. but showing further enlarge- 
ment of somatic cell (s). 342. D,Same as B, but showing four disintegrated macrospores and differen- 
tiated somatic cell (s) separate’ from macrospores by vegetative cell. X 342. E,Sameas B, but showing 
three cells in process of disintegration (micropylar cell failed to complete second division): early differen- 
tiation of somatic cell (s). >< 180. F, Same as B; first division of nucles in embryo sac and disintegrated 
macrospores. X 180. G, Metaphase; first division of nucleus in embryo sac, showing approximately 63 
chromosomes. X 1,112. H, Metaphase; root tip of same plant as G, showing approximately 7 chromo- 
somes. X 1,112. J, Same as G from another biotype, showing approximately 53 chromosomes. X 1,112. 
J, Metaphase; root tip from same plant as J, showing approximately 53 chromosomes. X 1,112. K, 


~~ root tip from same plant as in plate 1, Ji and Je, showing approximately 54 chromosomes. 
X 1,112. 
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A, Portion of nucellus, showing two-nucleate embryo sac and three disintegrated macrospores. X 199. 
B, Same as A, showing four-nucleate embryo sac. X 199. C, Same as A, showing complete embryo sac, 
antipodals (an), polar nuclei (pn), synergids (sy), and egg (e). X 199. Di, Synergids, and Ds, egg, from 
same embryo sac. X 199. 4, Portion of nucellus, showing embryo sac with two-cell proembryo; two 
synergids, displaced by amount indicated to permit of their being drawn. X 141. F, Portion of nucellus 
with two developing embryo sacs: one binucleate, the other four-nucleate. 199. G@, Composite drawing 
from two sections, showing two complete embryo sacs each containing a proembryo. X 97. H, Com- 
posite drawing of later stage in seed development, showing two proembryos surrounded by endosperm of 
one embryo sac; twv polar nuclei (pn) of second sac are unfused. X 2634. J, Composite drawing showing 
portion of nucellus and two embryo sacs, one of which possesses two polar nuclei; the other, five. X 97. 
J, Portion of nucellus with single embryo sac, showing four polar nuclei. X 97 
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PLATE 4 


A, Photomicrograph of section of ovule collected just before pollination, showing proembryo with several 
are X 231. B, Photomicrograph of section of ovule collected after anthesis, showing two embryos. 








il 


E 4 





Mar. 1, 1940 Cytology of Parthenogenesis in Poa pratensis 353 





zing’s (8) modification of Navashin’s solution or another modifica- 
tion composed of equal parts of two solutions, one of which consisted 
of 90 cc. of water, 10 cc. of glacial acetic acid, and 1% gm. of chromic 
acid, and the other, of 40 cc. of formalin and 60 cc. of water. The air 
was removed with an aspirator. Fixation may be further enhanced 
by completely removing all floral parts and quickly submerging the 
pistils in the Carnoy fluid before placing them in the final fixing solu- 
tion. This latter procedure was found especially useful when it was 
necessary to cut the ovules at particular angles in order to obtain 
polar views of the reduction divisions or of the first nuclear division 
in the embryo-sac mother cell. Root tips were fixed in Miintzing’s 
solution. All material was left in the fixing fluid for from 18 to 24 
hours and then washed in three or four changes of 70-percent alcohol 
(13). It was dehydrated in the usual manner, cleared in cedarwood 
oil, and embedded in paraffin. Root tips were cut at 10y and stained 
in crystal violet iodine. Florets and pistils were cut from 10 to 20, 
stained in Heidenhain’s iron-alum haematoxylin, and destained in a 
saturated aqueous solution of picric acid. 
OBSERVATIONS 

The ovule in the basal florets of the spikelets, at the time the panicle 
begins to emerge from the sheath, consists of an outer and inner 
integument, each composed of two layers of cells, and a nucellus with a 
well-differentiated macrospore mother cell (pl. 1, A). A median 
section of an ovule at this stage invariably shows a single elongated, 
very conspicuous macrospore mother cell with the nucleus located 
usually near the micropylar end, or in some instances near the chalazal 
end. The cytoplasm is usually denser at the micropylar end than at 
the chalazal end of the cell. 

In some instances at this early stage, one cell (pl. 1, B), or less 
frequently two cells (C), of the nucellus, near the chalazal end of the 
macrospore mother cell, differ conspicuously from the surrounding 
cells of the nucellus. The differentiated nucellar cell (or cells) is 
spherical, stains more darkly and, except for one or two characteristic 
vacuoles, contains denser cytoplasm than the surrounding cells of the 
nucellus. The significance of this cell will be discussed later. 

The nucleus of the macrospore mother cell undergoes, so far as can 
be determined, a typical first meiotic division. Some tangential 
sections (pl. 1, D) clearly show paired chromosomes at diplotene. 
At later stages (Z) the paired chromosomes appear to be held to- 
gether by chiasmata. Stages in diakinesis (F) show that the chromo- 
somes in most instances are associated in pairs, although univalents 
are frequently present. In one metaphase figure of the first reduction 
division (G) most of the chromosomes are associated in pairs, but there 
are three trivalent chains so arranged on the spindle that the two end 
chromosomes of the chain in each case will pass to the same pole; one 
chain of either three or four chromosomes is so arranged that the end 
chromosomes will pass to opposite poles; and three or four univalents 
are present. The first meiotic division forms two cells of which the 
one nearer the micropyle is usually the smaller (J). The nucleus of 
each daughter cell passes into interkinesis (1). 

During the second meiotic division the chalazal cell precedes the 
micropylar cell in division. In one instance (pl. 1, J) the nucleus in 


the micropylar cell is in interkinesis when the one in the chalazal cell 
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is in anaphase; in another (J;), the micropylar nucleus is in an early 
prophase, and the chalazal nucleus (J;) is in a late prophase. J, and 
J, show that the number of chromosomes in each daughter nucleus is 
approximately one-half the somatic number of approximately 54 in 
the root tip of the same plant (pl. 2, K). In another instance (pl. 1, 
kK), the nucleus of the micropylar cell is in anaphase and the nucleus 
of the chalazal cell in telophase. Univalents are frequently observed 
either passing precociously to the poles or remaining at the equator. 
In either case they frequently fail to be included in a daughter nucleus. 
Either daughter nucleus, then, may not receive a complete chromo- 
some complement. 

The second meiotic division in the chalazal cell regularly forms two 
haploid macrospores, both of which soon distintegrate. In most of 
the observed cases this second division is not completed in the micro- 
pylar cell because of the precocious disintegration ‘of the cell (pl. 2, 
B,C, E). Consequently, only three cells are formed from the 
macrospore mother cell, although in one instance (D) four macro- 
spores were observed. In all observed instances all the macrospores 
thus formed from the macrospore mother cell disintegrate and do 
not function in the development of the embryo sac. 

A cell of the nucellus near the chalazal end of the macrospore 
mother cell has been described (p. 353) as being conspicuously different 
from the surrounding cells. In some instances (pl. 1, B, 0) one cell 
or occasionally two cells are differentiated as-early as the beginning of 
meiosis in the macrospore mother cell. Not infrequently, differentia- 
tion is not conspicuous until the meiotic divisions are completed 
(pl. 2, Z). Plate 2, A, shows that of the two cells toward the micro- 
pyle, the nucleus of one is in interkinesis and the nucleus of the other 
is in metaphase, while the third cell, largest and inward, has been 
separately differentiated. In plate 2, B and C, the three micropylar 
cells that were derived from the macrospore mother cell are beginning 
to disintegrate. In the one nearest the micropyle, nuclear division 
has just been completed. The fourth and innermost eell has-been 
differentiated separately. In another instance (pl. 2, D), four 
macrospores had been formed by two completed divisions and had 
completely collapsed. At the chalazal end of the macrospore row is 
a separately differentiated cell, separated from the row of disintegrated 
macrospores by a vegetative nucellar cell. 

The differentiated nucellar cell just described is destined to function 
as the initial cell of the embryo sac (pl. 2, F). This conclusion is 
confirmed by the chromosome counts during the division of the pri- 
mary nucleus of the embryo sac. In one instance (G) approximately 
63 chromosomes were observed in this division. The chromosome 
number in cells of a root tip (H) of the same plant is approximately 
70. In consequence of the high number of chromosomes and the 
resultant difficulty in distinguishing them, it is probable that the 
remainder of the diploid complement in the nucleus of the embryo 
sac was hidden from view. In another case, approximately 53 chro- 
mosomes were observed in nuclear division both in the initial cell of 
the embryo sac (J) and in a cell of a root tip (J) of the same plant. 
In several other cases a sufficiently accurate count of the chromosomes 
in the initial cell of the sac could be made to demonstrate the presence 
of the diploid number. 
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A two-nucleate embryo sac and three disintegrated macrospores are 
shown in.plate 3, A, a four-nucleate sac in plate 3, B, and a completed 
eight-nucleate seven-cell sac in plate 3, C. 

The mature embryo sac consists of three large, darkly staining 
antipodal cells at the chalazal end, a single central cell containing 
two polar nuclei, and the egg apparatus (egg and two synergids) at 
the micropylar end. The nuclei of the antipodal cells may divide and 
if cell division does not occur the cell in question remains binucleate. 
In some cases cell division follows to form ultimately five or six 
antipodal cells. 

The synergids (pl. 3, D, and £) enlarge and become pear-shaped, 
with the apex of each projecting toward the micropyle. They lie side 
by side directly beside the egg. The cytoplasm in the ‘iaial aeariiin 
of each synergid becomes very fibrous in appearance, constituting the 
filiform apparatus often described for synergids. A nucleus lies near 
the center of each synergid, and as the two cells disintegrate the 
nuclei maintain their structure longer than does the cytoplasm. In 
some instances it appears that the two synergids in the process of 
disintegration fuse into one darkly staining body. 

The cytoplasm of the egg (pl. 3, D.) becomes coarsely vacuolated; 
the nucleus lies near the center of the cell surrounded by denser 
cytoplasm. At the apical end the cytoplasm assumes regularly a 
more coarsely alveolar appearance, which seems to disappear when 
the cell divides. 

The egg divides to form a proembryo in many of the first, second, 
or third florets of the spikelet before anthesis begins (pl. 3, Z). The 
two synergids shown in £ have been displaced by the amount indi- 
cated to permit of their being drawn. The proembryo shown in the 
photomicrograph (pl. 4, A) is larger than the one in the drawing (pl. 
3, EL), but the florets from which these figures were obtained were at 
approximately the same stage of flowering when fixed. In this instance 
the synergids have begun to disintegrate and have lost their identity. 
These observations have been made repeatedly in material fixed in the 
greenhouse under conditions that excluded the possibility of the 
presence of pollen in the air, and in material fixed in the field 1 or 
2 days before the floral parts had opened to permit the exposure of 
the stigma. There seems no doubt that pollen is unnecessary to 
initiate development of the egg into an embryo. Since it has been 
shown that the nuclei of the embryo sac, including the egg nucleus, 
are all diploid, it is apparent that the functioning of the egg is not 
dependent on gametic union. The external stimulus to the egg, if one 
is necessary, is apparently exerted from within the embryo sac. 

The two polar nuclei (pls. 3, H; 4, A) lie together in the dense 
cytoplasm of the embryo sac midway between the antipodals and the 
proembryo. Fusion of the polar nuclei is not completed until the 
proembryo consists of several cells, and occurs invariably after an- 
thesis. Fusion is accomplished by dissolution of the adjacent mem- 
branes to form the primary endosperm nucleus, which lotet divides 
to form the endosperm nuclsi. The cells of the endosperm, thus 
formed, would possess a 4n number of chromosomes in contrast to 
the 3n number usually found in sexually reproducing species. 

It is not certain whether pollination is associated with endosperm 
development. Pistils examined a few hours after pollination show 
pollen grains germinating freely on the stigma and pollen tubes 
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growing down the style. In no case, however, have pollen tubes 
been observed in tissue of the ovary, or in the embryo sac. Florets 
that were emasculated and not polinated have in a few instances 
developed seeds, but it is possible that in these instances the stigma was 
accidentally pollinated during the act of emasculation. Florets that 
were open-pollinated in the greenhouse occasionally contained aborted 
ovules, and examination has shown proembryos but no endosperm. 
The two unfused polar endosperm nuclei were still frequently visible 
in such cases. The failure of the polar nuclei to fuse and to bring 
about the development of an endosperm may have been due to a 
failure of pollen tubes to stimulate endosperm development. 


POLYEMBRYONY AND ATYPICAL EMBRYO SACS 


Sections of young ovules not infrequently show two embryo sacs 
in course of development (pl. 3, F). The initial cells from which such 
sacs develop bave not been observed in division, but it seems very 
probable from observations of ovules containmg single embryo sacs 
that two sacs may arise independently from two differentiated nucellar 
cells, such as are sometimes present (pl. 1, C). Consequently, the 
nuclei in both embryo sacs would be expected to possess identical 
diploid chromosome complements. Andersen (4) concluded that 
polyembryony results from the functioning of two embryo sacs and 
that each embryo sac develops either from two macrospores in the 
same row or from two macrospores derived from separate macrospore 
mother cells. 

One embryo sac, presumably that favored by position, may grow 
faster than its twin; the larger one develops in the usual manner, 
while the smaller develops irregularly and consequently may not 
produce a proembryo. If the development is not too irregular, each 
will produce a proembryo (pl. 3, @). In all observed instances in 
which two embryos were present there was evidence of the previous 
presence of two embryo sacs; for example, two sets of antipodals, or 
two pairs of polar ucla. or both. The ovule illustrated in plate 3, H, 
contains two proembryos and a mass of endosperm tissue formed by 
division of the primary endosperm cell of one embryo sac. The pre- 
vious presence of a second sac is evidenced by the two polar nuclei 
incompletely fused. 

The embryo nearer the micropyle may be large and typical in shape; 
its twin embryo smaller, atypical, and located in an unusual position 
(pl. 4, B). Such instances, however, do not necessarily imply a 
difference in origin of the smaller embryo. These instances may be 
explained by the more rapid growth of one embryo and of its endo- 
sperm, in consequence of which the smaller embryo, in a less favorable 
position for growth, is crowded against the wall of the nucellar cavity. 

There remains the possibility that one of the twins may have devel- 
oped parthenogenetically from a haploid egg, in which case it would be 
expected to be weaker than the diploid twin. Miintzing (9) found one 
haploid plant which he suggested arose as a twin from the partheno- 
genetic development of a haploid cell. He found also in some instances 
that the two members of a pair, in the seedling stage, differ in size and 
vigor, perhaps in consequence of the more favorable position of the 
larger. He found the chromosome number of twin seedlings to be 
usually the same, but occasionally one was approximately triploid 
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with respect to its diploid twin; and if there was a difference in size, 
the triploid seedling, more frequently than the diploid, was the weaker 
of the two. Miintzing suggested that the triploid arose from the 
fertilization of a diploid egg. 

The egg in each embryo sac (in case two sacs are present) frequently 
develops into a proembryo before pollination, and under such circum- 
stances fertilization of the egg in either embryo sac obviously could not 
occur. The chromosome number would be the same in the two 
embryos (omitting the possibility of the development of a haploid 
embryo sac from a macrospore). If one or both eggs did not begin to 
develop until sufficient time had elapsed for the pollen tubes to reach 
the embryo sacs, one or both eggs might be fertilized. Miintzing 
(9) found both members of one set of twin seedlings to be approximately 
triploid. It seems reasonable to assume that the eggs in the weaker 
embryo sac might delay parthenogenetic development longer than 
those in the more vigorous one, and consequently provide opportunity 
for gametic union. Under such circumstances triploidy wa be more 
ety associated with the smaller of twin seedlings than with the 

arger. 

There is no evidence that embryos o1iginate by sporophytic budding 
from the nucellus. 

Embryo sacs, when occurring. either singly or doubly, occasionally 
contain more than the eight nuclei. In some instances an apparently 
functional embryo sac, in addition to the antipodals, two-nucleate 
primary endosperm cell, and egg apparatus, consists of single cells or 
nuclei lying in the cytoplasm of the nuclear cavity. It is probable 
that the condition might become too atypical for an embryo sac to 
function. 

More than two polar nuclei are occasionally seen in process of 
fusion. In one instance (pl. 3, J) there were four polar nuclei; and in 
another (pl. 3, J), there were five polar nuclei in one embryo sac and 
two in a companion sac. The origin of these additional nuclei or 
cells is not known, but it seems probable that they result from nuclear 
divisions during embryo-sec development. It seems improbable that 
any of the nuclei shown fusing with the two polar nuclei came from 
a pollen tube. 

DISCUSSION 


, The evidence presented by Miintzing (8), Nilsson (1/2), and 
Akerberg (3) indicates that gametic union does not regularly occur in 
Swedish biotypes of Poa pratensis. According to Akerberg and 
Nilsson, however, pollination is necessary to initiate seed development, 
and in a few cases they found evidence that pollination was followed 
by a union of male and female gametes. The chromosome number of 
one hybrid plant suggests that it arose from the union of an unreduced 
egg and a reduced male gamete (/). Miintzing (9) found that occa- 
sionally one member of a twin pair was approximately triploid and 
suggested that in such a case a diploid egg was fertilized by a haploid 
male gamete. In two instances the egg was thought to have been 
haploid. In one of these instances the egg was presumably fertilized 
by a haploid male gamete of P. alpina (2), while in the other the 
haploid egg presumably developed parthenogenetically (9). Aker- 
berg (3) found four biotypes that appeared to reproduce regularly 
by gametic union. 
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The cytological observations on Poa pratensis herein described 
show that in the biotypes studied the single macrospore mother cell 
underwent meiosis in the usual manner and formed haploid macro- 
spores (usually three, since the second meiotic division was often 
incomplete). In all the observed instances the three or four macro- 
spores so formed disintegrated. Andersen (4) reported, without 
presenting evidence, that the macrospore mother cell formed a row 
of four macrospores and that usually the chalazal macrospore formed 
the embryo sac although in several observed ovules the micropylar 
macrospore functioned. Armstrong (5) observed meiosis and con- 
cluded that one of the macrospores thus formed develops a haploid 
embryo sac. and that meiosis ipso facto implies sexual reproduction. 

The initial cell of the embryo sac is differentiated from among the 

vegetative cells of the nucellus while the meiotic divisions are under 
way, and develops into a typical eight-nucleate, seven-cell embryo sac. 
Consequently the nuclei of the embryo sac, including the egg nucleus, 
possess the same diploid chromosome complement as do the nuclei of 
the maternal parent. The egg is capable, consequently, of developing 
into an embryo without restoration of the diploid chromosome 
number by fertilization. Under these circumstances all the plants 
grown from seeds collected from a single plant possess the same 
diploid complement of chromosomes, and obviously are, therefore, 
similar in morphological type. Miimtzing (8) has found that 10 plants 
examined in a progeny from a single plant all had the same maternal 
chromosome number. Observations made by the author indicate 
that all the plants (with few possible exceptions) grown from seeds 
collected from a single plant are alike in growth form and habit. 
Since the embryo sac develops from a vegetative cell of the nucellus 
without meiosis, its origin may be considered an instance of apospory. 
The embryo develops from the egg by parthenogenesis. 
, Cytological observations have not confirmed the conclusions of 
Akerberg (1) and Nilsson (1/2) that pollination is necessary to induce 
seed development. These investigators based their conclusions on the 
lack of seed setting in emasculated florets, and obviously. were not 
able to separate the two phases of the development of a seed, i. e., 
embryo development and endosperm development. The embryo of 
Poa pratensis develops in many instances before pollination, but since 
endosperm development does not begin until after pollination the 
effect of pollen or pollen tubes on endosperm development is not easy 
to determine. A comparatively few florets have been emasculated by 
the author, and some of these have produced seeds. In the emascula- 
tion the floret may have been injured or the pistil unintentionally 
pollinated. According to Akerberg (1) and Nilsson (12), the environ- 
ment also may affect seed development. Consequently, negative 
results might be due to any of several causes. There is some evidence 
to indicate that seed abortion is due to the lack of endosperm develop- 
ment, and it may be that in such instances pollen failed to germinate 
on the stigma. 

The egg frequently begins development before pollination is effected, 
but occasionally development does not begin until after pollination. 
Since pollen tubes have been observed in the style, although not in 
the embryo sac, it is possible that occasionally one reached the embryo 
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sac before parthenogenetic development began and that a diploid egg 
was then fertilized. Circumstances such as this may lead to the pro- 
duction of an occasional hybrid as reported by Akerberg (1), and of 
triploid twin plants such as were found by Miintzing (9). Chromo- 
some disjunction during meiosis in the microsporocytes is extremely 
irregular, and in many instances chromosomes are lost from the 
daughter nuclei. It is not known whether chromosome-deficient 
pollen grains germinate on the stigma, although a deficiency appears 
to have no effect upon the development of pollen grains. If a gamete 
possessing a deviating chromosome number effects fertilization, the 
resulting zygote will be only approximately triploid. Miimtzing (9) 
is not certain of the exact chromosome number in twin plants of 
Poa pratensis, but he suggests that the number is only approximately 
triploid. Once the hybrid is produced, the newly combined chromo- 
some complements, either euploid or aneuploid, may be transmitted 
to future generations by parthenogenesis. Diploid parthenogenesis 
and occasional fertilization of the egg by a sperm possessing a varied 
chromosome number can produce the singular characteristics of P. 
pratensis: (1) Extreme polymorphism and varying euploid and aneu- 
ploid chromosome numbers of different biotypes and (2) constant 
morphological type and chromosome number in plants of the same 
biotype. 
SUMMARY 


Median sections through the micropylar region of young ovules of 
Poa pratensis invariably show a single, elongated, very conspicuous 
macrospore mother cell. The nucleus of this cell undergoes meiosis, 
and haploid macrospores are formed—usually three, since frequently 
the micropylar cell does not complete the second meiotic division. 
In observed instances, all the macrospores subsequently disintegrate. 

The embryo sac develops, without meiosis, from a cell of the nucellus, 
which is located near the chalazal end of the macrospore mother cell. 
The typical mature embryo sac consists of three antipodal cells, a 
primary endosperm cell containing two nucelli, and the egg apparatus 
(egg and two synergids). 

The diploid egg develops into a proembryo by parthenogenesis; the 
development begins frequently before pollination. (Possible excep- 
tions are noted in the text.) Since endosperm development was not 
observed to begin until after pollination, it may be that pollination 
or the growth of pollen tubes in stylar tissue is necessary for endosperm 
development and consequently for seed development. Pollen tubes 
have not been observed in the embryo sac. 

Diploid parthenogenesis and occasional fertilization of the egg by a 
sperm possessing a varied chromosome number can produce the singu- 
lar characteristics of Poa pratensis: (1) Extreme polymorphism and 
varying euploid and aneuploid chromosome numbers between different 
biotypes and (2) constant morphological type and chromosome number 
in plants of the same biotype. 

Two embryos are occasionally produced by the functioning of two 
embryo sacs. Each embryo sac appears to develop independently 
from separate somatic cells of the nucellus. There is no evidence 
that embryos arise by sporophytic budding from tne nucellus. 
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